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Monthly Weather Review: 
Index for 1925: Page vi, under entry ‘‘Day, P. C. 
The drought of 1925,” pp. “310-311” should be | ag ae 
“410-411.” Likewise, under entry ‘‘Droughts” (same 
page), change the page numbers from “310-311” to 
“410-411,” 
April, 1926: Vol. 54, p. 144, in Table 18, bottom of 
third column, “38.50” should be “28.50.” 
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WEEKLY SUCCESSION OF GULF STREAM TEMPERATURES IN THE STRAITS 
OF FLORIDA 


By Cuartzs F. Brooks and Epira M. Firron 
[Clark University, Worcester, Mass., April 30, 1930 


Sea water thermograms of twice daily crossings of the 
Straits of Florida were presented in the previous paper. 
(1). This discussion deals with the data tabulated from 
these thermograms and reduced to weekly means. 


REDUCTION TO TABULAR FORM 


A detailed study of the temperatures recorded by the 
thermograph requires the tabulation of the thermograms. 
Each trip of the ship provides a profile from which any 
number of temperatures may be read. The sharp con- 
trasts in temperature that occasionally develop within 
short distances leads the investigator to read the thermo- 
coms for as small time intervals as practicable. The 
imits of detailed study would seem to be reached b 
mean and extreme values for each twelfth of the width 
of the Straits, and for the passage of the ship through 
the shallow waters at each end of the trip. Furthermore, 
the mean sea temperatures recorded at Key West or 
Habana provide a rough indication of the level to which 
the ool then prevailing was tending to raise or lower 
the Gulf Stream temperatures. Thus, if the shallow 
harbor water were much warmer than the Gulf Stream, 
we conclude that local weather was having a decided 
warming effect on the surface of the Gulf Stream. 

Method of tabulation—The tabulation of these values 
has been beset with many difficulties. For reading with- 
out the aid of a special time scale, a trip across the Straits 
is divided into twelfths, by taking the time from sea buoy 
to sea buoy, or from sea buoy to hauled log ' plus 5 or 10 
minutes, and dividing by 12. The number of minutes 
found in each twelfth is usually from 35 to 40 for the 
southbound trip and 30 to 33 for the northbound. The 

roper number of minutes is added to the outgoing sea- 
uoy time, giving the clock time during which the first 
twelfth was traversed. The number added again shows 
the limits of the second twelfth, etc. The thermogram 
must be examined with care to note whether the clock 
error for the trip exceeded a negligible 5 or 10 minutes. 
In spite of the engineer’s careful attention, the smallness 
of the time scale, about 0.1 inch per hour, makes an error 
of less than 20 minutes difficult to avoid. The character- 
istic features of temperature change at the beginning and 
end of each trip make it readily possible, however, to 
gauge the amount of clock error. ce found, the times 
or each twelfth are corrected to the apparent time on 


! The time when the patent log is hauled in at the end of a trip, usually a mile or two 
(5 or 10 minutes) off the harbor entrance. Sometimes the ship waits outside for its 
Sister ship to come out of the single berth. Thus, the hauled log time may be half an 
to am hour or more Belore tis ship passes thie sea Buoy. to enter the harder, 
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the thermogram. Then the temperatures can be inte- 
grated for each twelfth to the nearest tenth or two-tenths 
of a degree Fahrenheit and recorded on a convenient form. 

Much labor may be saved by ruling a thin sheet of 
celluloid with 12 equally spaced diverging curved lines 
crossed nearly perpendicularly by a number of equally 
— straight lines. The curved lines are drawn so 
that near one end of the scale the space between the two 
outermost lines is equal to the thermogram time-scale 
value for the shortest trip, while near the other end of the 
scale, the diverging lines are so adjusted that the total 
width between a ti lines equals the longest time 
required to cross. The cross lines are marked numerically 
to indicate how long a trip each one represents. The cross 
line appropriate to the duration of the trip to be tabulated 
is placed over the record for the first twelfth in a position 
parallel to the horizontal temperature-scale lines on the 
thermogram. By slight shifting up or down this cross 
line can be made to strike an average for each twelfth in 
succession, by laying it so that the area outlined by the 
trace is as much above as below the line. But it is usually 
easier to hold the scale stationary and to estimate the 
means for each twelfth. The highest and lowest tempera- 
tures of each twelfth, or of each quarter with the hour 
and minute each occurs, and also the temperatures from 
sea buoys to harbors complete the tabulation. The 
tabulation is checked by another person by a second 
reading. 

The primary tabulation is summarized onto another 
sheet, from which times are omitted, and here the twelfths 
are averaged by quarters and by halves from which the 
end twelfths have been omitted. The daily values are 
averaged into weekly. The Henry M. Flagler thermo- 
amar from July, 1928, to May, 1929, were tabulated by 

azel V. Miller, mostly at the Washington office, United 
States Weather Bureau, on grants from the American 
Meteorological Society and Clark University. Those 
from May, 1929, to June, 1930, were tabulated at Clark 
University, by Edwin N. Johnson and Frances Richey. 
All the tabulations were checked by C.F. Brooks and 
Edith M. Fitton. The receipt of sea-buoy and hauled 
log times in October, 1929, from Capt. W. I. Jackson and 
Chief Engineer C. H. Stanton, S. 8. Henry M. Flagler, 
which before December, 1928, and May, 1929, respec- 
tively, were not entered on the thermograms, made a 
more exact tabulation of parts of the first few months of 
record ible. So those strips for which the exact times 
showed more than 5 or 10 minutes’ departure from the 
original readings were tabulated a second time, mostly 
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by C. F. Brooks, the first tabulations being used as a 
partial check on the new. Where the hauled log times 
were no more than 10 minutes prior to the Habana sea- 
buoy times, the hours and minutes from sea buoy to sea 
pow / pep used as the whole crossing, and divided into 
tweliths. 


Owing to the sharp changes in temperature found on | 


some of the thermograms, particular care had to be 
exercised to read the time to within 10 minutes and to 
strive for 5. An error of 10 minutes might make a 
difference of 1° in the mean for one twelfth. 

The tabulations by days are not presented in this 
study for the reason that they would serve only for a 
detailed investigation of temperature changes from day 
to day and diurnal ranges and their relation to the weather 
at the time and the immediate past.? Here are offered 
in Table 1, the weekly values, tabulated, reduced, and 
checked, by C. F. Brooks, and Edith M. Fitton and in 
part by Hazel V. Miller, by which, in spite of the gaps, a 
fair idea of the annual course in temperature may be 
obtained. In Table 2 the weekly means of the daily 
temperatures by quarters and weekly means by halves 


AUG SEPT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV. DEC. JAN FEB MAR 
ABS 
---=- Northern Quarter 
—— Northern Middle Quarter 
—— Southern Middle Quarter 
Southern Quarter 
aN 
76) 76 
84 ft \ i 
—— Northern Half 
—— Southern Half \ 
80 
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Ficvr£E 1.—Gulf Stream temperatures (south bound) by quarters and halves 


of the Straits are presented. The values for the north 
and south halves in this table were computed from the 
weekly means inner ten twelfths of the Straits proper, 
omitting the marginal twelfths on either side, since these 
sections of the Straits, being shallower water and out 
of the main current, are more subjected to local temper- 
atures and shallow water upwelling from wind action. 


GRAPHIC REPRESENTATIONS OF TABULATIONS 


These tables are presented here to provide investigators 
with accurate Gulf Stream data in small enough time and 
space units for any combinations they may desire. The 
graphic representations of the tabulations which are 
presented in Figures 1 to 3 may serve to make more 
prominent the outstanding features of the weekly course 
of temperature for the erent divisions of the Gulf 
Stream in the Straits. 

Figure 1 illustrates the weekly succession of temper- 
atures for each of the four quarters of the Gulf Stream 
in the open Straits from the Key West sea buoy to the 
Habana sea buoy from July, 1928, to February, 1930. 
The southbound (nighttime) trips were chosen because 


2 The daily values are bing filed, however, in the Library, and the original records 
with the Marine Division, of the United States Weather Bureau, Washington. 
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the nighttime temperatures represent those of a convec- 
tionally mixed thicker layer of water than the top, 
heated, daytime layer. Nevertheless, there is naturally a 
very close parallelism between the temperatures of the 
southbound and northbound trips since the car ferry 
stays in Habana Harbor only about two hours before 
returning, and not much change in sea water temperature 
could generally be effected in that length of time. More- 
over, the graphs show weekly averages, so any irregular 
variations that might occur between the two trips become 
more or less smoothed out, and only the small diurnal 
difference remains. In the 56 cases for which weekly 
averages of sea temperatures were obtained, July, 1928, 
to ty aed a 1930, the nighttime temperatures average 
0.31° F. below the daytime for the north half of the 
Straits and 0.24 °F. below for the south half. For the 
north half there were 42 cases of lower nighttime tem- 
perature (av.—0.45° F.), 8 cases of higher nighttime 
temperature (av. +0.22° F.), and 6 cases of the same 
temperature. For the south half there were 44 cases of 
lower temperature (av. —0.32° F.), 4 cases of higher 
temperature (av. +0.12° F), and 8 cases of the same 
temperature. 

The contrast between the north and south portions of 
the Straits is plainly shown in this graph. While for the 
width of the Straits as a whole, the annual range of sea 
surface temperature is 9° F., from 76° to 85°, the north 
quarter has a greater range than the south, being 2° or 3° 
colder in winter and 1° or less warmer in summer, a range 
of 11.7°, from 73.4° to 85.1°, compared with 7°, from 77.5° 
to 84.5°, in the south. During August and September, 
all four quarters are nearly alike in temperature, as is 
shown by the close crowding of the lines in the graph in 
these months, the temperatures for all the quarters occur- 
ring within the limits of less than one degree then, while 
during the winter months the limits are generally 4 or 5 
degrees apart. The weekly course of temperature by 
Hakres, bottom of Fig. 1, summarizes this contrast between 
north and south. The north half ranges 10.7°, from 74.3° 
to 85.0°, and the south half 7°, from 77.5° to 84.5°. 

The chief reason for the greater temperature range in the 
north portion of the Straits probably lies in the fact that 
the water comes mainly from the Gulf of Mexico, while 
the Caribbean supplies the south portion. The north 
portion thus receives a water supply from a source which 
(a) is more subject to continental temperature changes, 
(b) comes from a higher latitude, (c) is shallower in part, 
and (d) provides a current generally less strong, than in 
the south portion. 

The lowest temperatures are reached in the northern- 
most quarter; the major minimum comes in March, with 
a secondary (cool wave) minimum in December. The 
northernmost quarter also reaches the highest temperature, 
its maximum coming in late July or early August. Be- 
cause the record is broken in these two months in both 
years, it is difficult to state an exact maximum, as it 
might have been reached during the time when the car 
ferry was making no trips. 

Figure 2 permits comparison of the Gulf Stream tem- 

ratures at the same dates in the two successive years. 

he graph runs from July to June, and, so far, is double 
only from July to April. As more thermograms are 
received year after year, the graph can be added to and 
will then show more clearly whether there is parallelism 
or not from year to year. The figures from which the 
graph was made (see table 2) are for the north and south 

alves of each trip, from which the more locally influenced 
marginal twelfths have been omitted. It seems fairly 
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certain that marked parallelism from year to year will 
continue to be found, since those portions of the graph 
which are now double show a very close parallelsim 
between 1928-29 and 1929-30 for both north and south 
halves of the stream. Even the exceptional early winter 
drop in temperature in the north half occurs at the same 
time in both of the years of record—the end of Decem- 
ber—perhaps only by coincidence, however. 

The relation of local air temperatures to the Gulf 
Stream temperatures was studied by means of diagrams. 
Averages of Key Wext maximum, minimum, and mean 
air temperatures were calculated for the same weeks for 
which sea water temperatures were obtained and were 
plotted on graphs together with the following sea tempera- 
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FIGURE 2.—Comparison of Gulf Stream Temperatures (south bound) for two successive 
years 


tures—both daytime and nighttime temperatures for 
Key West Harbor and the north and south halves of the 
Straits and daytime temperatures for Habana Harbor. 
Figure 3 shows the more important of these temperature 
curves. 

As an aid in studying the correspondence between air 
and sea temperatures as shown by these graphs, the up or 
down trends of the temperatures from week to week were 
counted and compared for the period July, 1928, to 
February, 1930. The number of agreements may be 
designated by the letter (A). Using the air temperature 
as a base in each case the number of times that the up 
or down trends of the sea temperatures agreed with the 
air temperatures was ascertained; the same was done for 
different combinations of the sea temperatures. When 
completed, the following comparisons had been secured. 

Maximum air temperatures with daytime temperatures 
of Key West Harbor, and the north and south halves of 
the Straits. 

inimum air temperatures with nighttime temperatures 
of Key West Harbor, and the north and south halves of 
the Straits. 

Mean air temperatures with both day and nighttime 
temperatures of Key West Harbor and the north and 
south halves of the Straits. 

Both day and nighttime Key West Harbor tempera- 
tures with the north and south halves of the Straits. 

Both day and nighttime temperatures of the north 
half with those of the south half of the Straits. 
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- Mean Habana Harbor temperatures (daytime) with 
maximum air temperatures of the south half of the 
Straits. 

Maximum air temperatures with nighttime tempera- 
tures of Key West Harbor and the north and south halves 
Table th f th 

able 3 shows the per cent the agreements of the up 
and down trends actually found, are of the maximum 
possible number of agreements.’ The agreements are 
always well over 50 per cent of the possible and generally 
over 75 per cent. A study of the table reveals the follow- 
ing general facts: (a) the daytime trends generally 
agree more frequently than the nightime trends; (6) the 
down trends generally agree more frequently than the 
up trends; wg (c) the maximum air temperature agrees 
more frequently with the daytime sea temperature than 
the minimum air temperature does with the nighttime 
sea temperature. An explanation for points (a) and (c) 
will be brought out in the discussion of Table 4. The 
truth of point (6) depends upon the fact that the winds 
causing a falling air temperature would have more effect 
on sea surface temperatures because of convection, than 
would winds causing a rising air temperature. 

In order that the relation between the air and sea 
temperatures might be expressed conveniently, a _e 
centage relation was obtained and is presented in Table 4. 
The number of agreements between the up or down trends 
of each two curves that would occur merely by chance 
(C) was calculated‘ and the difference between this figure 
and the actual number of agreements noted was found 
(A-C). The maximum possible number of agreements 
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Fiaurer 3.—Air, harbor, and Gulf Stream temperatures July, 1928, to March, 1930 


was ascertained? (M) and the difference between this 
figure and the chance agreements (M—C) was taken as 
the hundred per cent which would represent the amount 
over and above a chance agreement the actual agreements 
(A) might reach. The ratio between the first difference 
(A-C) and this figure (M-—C), may be taken as a per- 
centage measure of relationship. 

The same facts are brought out in this table as in 
Table 3: (a) the agreement between the up or down 


3 The maximum number of agreements possible would be the lesser total of the ups or 
downs of the two curves. 
4 The number of ups or downs in one curve times the number in the 


ding 
other curve, divided by the total number of interweekly trends (the number of weeks 
minus one, plus the number of breaks). 
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temperature trends for either air and water temperatures 
or different water temperatures is always above what 
would be expected merely by chance; (6) the nighttime 
temperatures never have as high an agreement as the 
daytime temperatures when the comparison is between 
air and water temperature; (c) the maximum air tempera- 
ture has a percentage of agreement with the daytime sea 
temperatures more than twice as high as that of the 
minimum air temperature with the nighttime sea tem- 
peratures. 

Since the maximum air temperature has the largest 
percentages of agreement with the ocean temperature it 
is evident that daytime air temperatures at Key West 
are a better index to the whole effect of local influences 
on the temperature of the water than are nighttime Key 
West temperatures. This is probably because the air 
minima are less representative of the general air tempera- 
ture than are the maxima, owing to the less convection at 
night. Furthermore, the convection set up in the water 
by the cooling of the surface layer at night would tend to 
stir the water considerably, thereby operating to prevent 
its temperature agreement with the air at that time. An 
explanation for points (b) and (c) listed in the preceding 
paragraph and for the similar points (a@ and c) in the dis- 
cussion of Table 3, may be based on this conclusion. 

The highest percentage of agreements in excess of what 
would be expected by chance occurs between the air 
temperatures and the Key West Harbor temperatures, as 
would be expected. The air temperature has a high 
agreement also with the north half of the Straits, though 
much less than with Key West Harbor, and a fairly high 
agreement even with the south half of the Straits. 

While the foregoing discussion seems adequate to indi- 
cate the rather close relation between the temperature 
of air and shallow waters here, a detailed study may be 
made from the very complete data compiled by Dr. 
Wayland Vaughan (2). His paper includes weekly air 
temperatures at Tortugas from June, 1912, to June, 1913, 
and surface water temperatures at various stations about 
Fort Jefferson, taken at 7 a. m. and 3 p. m. from June, 
1911, to June, 1912, with air temperatures for the same 
hours from January, 1912, to June, 1912. Temperature 
reductions to means of 10-day periods from observations 
made by the keepers of lighthouses along the Florida 
reefs for varying periods of years (generally 1878 to 1890) 
are also included. The stations are Dry Tortugas, Key 
West, Carysfort Reef, and Fowey Rocks. Mean air tem- 
perature at Key West could be used in connection with 
these sea temperatures in studying the relation between 
air and sea temperature fluctuations. 

In the year and a half for which sea water thermo- 
grams have been obtained and subjected to close study 
there have occurred two general down-trends of tempera- 
ture (September, 1928, to March, 1929, and A t, 1929, 
to February, 1930) and only one up-trend arch to 
August, 1929, and a very short upward record in July 
and August, 1928). A smooth curve then would be rep- 
resented by twice as many downs as ups and, except at 
the three turning points, each down trend should be fol- 
lowed by a down trend and each up trend by another up 
trend. Table 5 shows what was actually found to be 
the case. 

The Key West and Habana Harbors show the lowest 
per cent of continuity of temperature trend, even lower 
than the air temperatures. Though this may appear to 


1930 


be an anomaly, it might well be expected in this case 
inasmuch as the harbor temperatures were reported at 
different hours in different weeks, and particularly, were 
more subject to irregular extremes res ting from mixi 
of outtake waters with the intake around the docks, an 
from winds blowing the warm surface waters on-shore or 
off-shore. 

The nighttime Gulf Stream temperatures show the 
greatest continuity of trend, the nighttime air tempera- 
tures the least. The nighttime air temperatures are 
minimum air temperatures, which, being under consid- 
erable local control in quiet weather, tend to follow a very 
zigzag course from week to week. At nighttime, the 
water, however, being more stirred by convection, takes 
on the temperature of a larger mass than just the sur- 
face layer and so tends to be fairly stable in its general 
course of temperature. Consequently the highest per- 
centages of continuity occur in the sea-water tempera- 
tures and these at night. 

Though continuity of trend in the south half of the 
Straits is not outstanding, the graphs show readily that 
the up and down fluctuations are so small that the tem- 
perature curve appears by far the smoothest. In Table 
5 the high percentage of “steady” temperature trends, 
especially in the nighttime temperatures, indicates that 
the general curve should be fairly smooth. 


RELATION OF GULF STREAM TEMPERATURES IN THE 
STRAITS OF FLORIDA TO THOSE FARTHER TO THE 
NORTHEAST 


A thermal index.—It must not be overlooked that the 
temperatures of the surface of the Gulf Stream in the 
Straits of Florida here presented are simply surface tem- 
peratures of a faster or slower, more turbulent or less 
turbulent, stream as it passes a certain line near the 
entrance to the Straits. In summer, Harvey (3) has 
found that times of light winds and little turbulence will 
be marked by higher surface temperatures, though less 
storage of heat, than will periods of stronger winds and 
more turbulence. Thus higher summer temperatures are 
likely to mean lower heat deliveries and, therefore, lower 
surface temperatures later farther along in the Gulf 
Stream. Nevertheless, a surface layer of unusually 
warm water may not have an opportunity to dissipate 
its heat by evaporation and radiating as it would or- 
dinarily do eapidly for a hurricane, or even a gale, may 
stir it into a deep body of water, reducing the surface 
temperature so that the heat will be conserved till farther 
than usual along the course of the stream. British 
investigators might, in consequence, expect higher tem- 
peratures in the eastern North Atlantic some months 
after a period of numerous West Indian hurricanes. If 
the hurricanes occurred mostly east of Key West the 
variations of Gulf Stream temperatures near Key West 
might have no apparent relation to those of the same 
water later observed two or three thousand miles along 
its course. Herein lies the importance of recording the 
temperatures, as it is now being done (4), across the 
Stream on several lines after the Gulf Stream leaves the 
Straits. Therefore, these tables are presented simply for 
what they are. It is hoped, through the navigational 
record of the car ferries, to get some knowledge of the 
current each day, and thus, with the temperatures, to 
provide some index to the thermal cargo carried. 
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Straits of Florida, July 1928 to February 1980 
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TABLE 1.—Average weekly temperature values for Koy Wee and Habana Harbors, extremes from the harbors to the sea buoys, and means by 
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14 June 24 to June 30, 1929. No record; 


1 July 8 to Aug. 11, 1929. No record; 
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twelfths across the Straits of Florida, July 1928 to February 1980—Continued 
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TABLE 1.—Average weekly temperature values for Key West and Habana Harbors, extremes from the harbors to the sea buoys, and means by 
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by TABLE 2.—Average weekly temperature values by quarters and TasuLe 3.—The per cent the actual agreements of temperature trends : 
halves across the Straits of Florida, July, 1928, to February, 1930 are of the maximum possible agreements a 
Per cent of agreements 
Key West-Habana . Habana-Key West Up | Down) All 
trends | trends | trends 
North half of Straits 79 84 82 aes 
july 8-14... 83. 6] 83.4) 83.0] 83.3] 83.5| 83.2! 83.4} 84.0] 83.5) 83.4] 83.9] 84.1. al. 7 
8 July 83.9] $4. 2} 83.8) 83.0) 84.1] 83.5| 83.6] 84.4) 82.9] 83.9) 84.4) 84.2 North half of Straits... 61 72 87 
2 July. 29-28... 84. 8) 85.2) 84.8) 84.0) 85.0) 84.7) 85.1) 86.2) 84.4) 85.3) 86.2) 86.1 62 64 63 
3 July 29-Aug. 85. 6} 85. 4| 84.9 84. 4) 85. 5} 84.7) 84.9) 85.9) 84.5) 85.1) 85.8) 86.0 Mean air temperature (day): 3 
0 Aug. 5-11 85. 1) 85.1) 84.7] 84.8! 85.1) 84.7) 85.1) 85.4) 85.1) 85.2) 85.5] 85.3 Key West harbor 86 84 85 
2 Gans. 85. 1] 84.6) 84.7) 84.4! 84.8] 84.7) 84.7] 85.0) 84.5) 84.8) 84.7) 85.3 North half of Straits 79 81 30 
2 Sept. 10-16__......... 84.4) 84.4) 84.1) 84.1) 84.4) 84.1) 84.2) 84.6) 84.1) 84.2) 84.5) 84.6 South half of Straits 74 81 78 v 
4 Sept. 83. 5) 83. 5) 83.6 83. 6| 83. 83. 6' 83.7] 83.8] 83.8) 83.6) 83.9) 83.6 Mean air temperature (night): 
9 Sept. 24-80 84.0} 83.7 83.9 84.0) 83.8] 84.0 84.2) 84.5] 84,2) 84.2) 84.4] 84.7 Key West harbor... : 86 85 85 
5 Nov. 12-18......-.-:. 79.3) 80.5; 80.7} 80. 6} 80.1) 80.7| 80. 5} 80, 80.4) 80. 5; 80.4] 79.3 North half of Straits 72 77 75 
0 Nov. 19-25.....-..... 79. 4) 80. 2} 80. 2} 80.0} 80.0) 80. 1) 80.4) 80. 1) 80. 2} 80.4) 80.3) 79.5 South half of Straits 69 72 71 
9 Nov. 26-Dec. 2._....| 77.6] 77.9) 78.7} 79.1] 77.9| 78.8) 78.8] 77.8] 79.2) 78.5) 78.0) 77.5 half of Straits 
Key West harbor (day): North of Straits..........-.4... 4 80 77 ; 
4 Dec. --| 77.0} 76.8) 78.1) 79.5} 76.9) 78.6] 79.2) 77.5} 79.6) 78.8) 77.5) 77.2 Key West harbor (night): North half of 72 17 
Dee! 24-81. 73.4| 74. 5| 78.0] 77.9| 74.0) 78.0| 78.0| 74.2] 78.0] 7.9] 74.8] 73.3 hal of 
t Key West harbor... 73 81 77 
Jani, 74.2| 77.01 77.4] 77.4| 76.2| 77.4| 77.5] 76.3] 77.5) 77.5}. 7% 1) 747 gouth of Straits... 
7 Jan. 8-14 3 eocceeoses 75. 76.9 77. 77.2 76.5 77.2 77.3 76. 77.3 77.3 76.9) 75.2 Maximum air tempera’ ure (night); * 
Feb. 19-25. 75. 6| 77. 5| 77. 5| 77.5| 76.8] 77.6| 77.8) 77.2) 77.8| 77.8| 77.8] 76.2 Key West harbor 86 88 87 
Mar. m4 77.6 7.4 73.8 77.6 77.7 77.5 77.8 75.6 73.7 Som 
| ar. . 0} 76. 2) 79. 6.5] 76. 
Mat. 25-31..--..----- 76. 4| 77.8| 79. 1| 78.9] 77. 1| 79.0| 79.3] 77.7] 79.1] 79.4| 78.1) 7.4 ABLE 4.—Percentage of relationship, being the agreements of trend 
4 Apr. 77.4| 79.1) 79.0} 78.7) 78.5) 78.91 79.2] 78.5) 78.9) 79.8) 79.1) 77.3 in excess of by chance, per cent of the dif- 
pr. 8-14. ......-- 5 4 rfect men 
ioe. 15-41... 78.0| 79.1) 79.2] 79:3] 78:91 79.21 ference between chance and perfect agree 
5 78. 78.6) 79. 4| 79.5] 78.5] 79.5! 80.3] 79.6] 80.1) 80.3 79. 8) 79.1 Per cent in excess of 
1 Apr. 29-May 5...-.-. 78. 3| 78.4! 80.0) 70.3} 78.3) 80.1) 80. 6} 79.2} 80.8) 80.4) 79.3) 79.0 chance agreements for— 
5 May 6-12............ 79. 2| 79.7| 80.2} 80. 1) 79.4} 80.2) 80.4] 79.9} 80.3) $0.4! 80.1) 79.6 
8 May 13-19.......---- 79. 6| 80.3) 80.3] 79.7! 80.1) 80.2! 80.5} 80.4] 80.0! 80.7) 80.5] 79.9 Up | Down! All 3 
June 17-23 81.6] 82 1) 82.3) 81.9] 82.0] 821) 82.7) 82.2] 82.5 82.8] 82.4] 81.9 sis (627): 
83. 3] 83.0) 83.0} 82.8] 83.1] 82.9] 83.4) 84.0] 83.1) 83.5] 83.9 84.2 ey po 67 71 
84.7| 84.4) 84.2) 84.2) 84.5] 84.2) 84.7] 85.2) 84.6) 84.7) 85.1) 85.5 6 63 62 
3 Aug. 83. 6] 83.3) 83. 6) 83.2) 83. 4! 83.6] 83.9) 83.8) 83.6) 83.8) 83.7) 83.9 South half of Stral 66 
3 Aug. 26-Sept, 2...... 82, 9] 82.8) 83. 1) 83.0) 82.9) 83. 1) 83.5) 83.4) 83.3) 83.5) 83.4) 83.4 um a ): 
Sept. 82. 8| 82.8) 83.2} 83.2) 82.7) 83.2) 83.5] 83. 4| 83.4) 83.4) 83.4] 83.4 48 44 
Sept. 83. 5| 83. 1) 83. 2} 83.3) 83.3) 83.3) 83.6) 83.8) 83.5) 83.6) 83.6) 84.1 Werth of 
4 Sept. 83. 2} 82.8) 82.8] 83.0) 82.9] 82.9) 83.7] 83.7] 83.7| 83.6) 83.5] 84.0 South half of Straits... 38 
Sept. 24-30........... 82. 8} 82.8) 82.7) 83.1) 82.9) 82.9) 83.1] 83.1) 83.3) 82.8) 83.1) 83.0 ean sir temperature (day): 
81. 4) 81.3) 82.7] 83.0) 81. 4| 82.8) 82.7] 81.5] 82.7) 82.7/ 81.7| 81.3 Key West harbor... 65 69 
4 Oct. 8-14... 79. 4} 81.3) 82.1] 82.1) 80.4! 82. 1) 82.0] 80.8] 82.0) 82.1) 81.7} 79.6 North half of Stra 50 
4 Oct. 15-21 78.8] 81.0] 81.3} 81.3] 80.1) 81.3) 81.4] 80. 1| 81.4) 81.4) 81.0) 78.7 South half of Straits 53 54 54 
1 Nov. 19-25... 79. 8| 80.9} 80. 8| 80.7} 80. 5| 80.8] 80.9] 80. 4] 80.8) $0.9] 80.8} 79.3 Mean air temperature (night): 
; Nov. 26-Dee. 77. 5| 80.6) 80. 9} 80. 6| 79.3) 80.8) 81.0) 79.2) 80.7| 81.1) 80.3] 77.7 West harbor. 70 
4 75.4) 79.4) 79.7} 79.7] 77.9] 79.6) 79.7) 77. 7| 79.8) 79.6) 78.7| 75.6 «North half of Straits 46 
Dec. 10-16. 77.0} 79.4) 79. 5| 79.4 78.5] 79.5| 79.5] 78.9) 79. 5| 79.5] 79.4| 77.6 42 
Dee. 75. 2} 75.0) 78 8| 78. 8| 75.2) 78. 9| 78.9| 75.3] 78.8| 78.9) 75.3) 75.2 Key West harbor (day): North half of Straits. 
Dee. 24-31. 73. 7| 75.4) 78.2) 78.3| 74.7| 78.3) 78.2) 74. 78.3] 78. 1) 75.2) 73.5 North al of Stal day); South 
North half of Straits (night): South half of Straits........... Hike 
78. 1| 78.1) 77.9] 77.4| 78.0) 78.1] 77.3] 77.9] 78.1] 78.0| 75.6 Habana harbor (day): 50 40 
77.7| 77.8) 77.7| 77.1) 77.8) 77.8) 77.2| 77.7| 77.9| 77.6) 76.3 Key West harbor... . 46 60 53 
78. 0| 78.6} 78.0} 76.8) 78.4) 78.8] 76.3] 78.4) 79.0) 77.7| 74.4 South half of Straits__ 16 32 22 
78. 0| 78.5] 78.3) 77.3) 78.4) 78.6| 77. 5| 78.3| 78.7| 78.2) 76.1 Maximum air temperature. 18 31 24 
77.1) 77.8! 77.8) 76.1! 77.8) 77.8: 76.2| 77.8| 77.8| 77.2| 74.5 Maximum air temperature (night): 
73.9| 77.6 77.6) 73.9| 77.6| 77.7| 73.8) 77.6| 77.8) 74.1) 74.4 Key West harbor. 74 74 
75. 2| 77.8| 78.3) 75.0) 78.1) 78.9) 76.2) 78.9| 78.9] 76.7| 75.7 North half of Straits. 49 50 49 ey 
. 5} 77.9) 77. 6.9) 77.8 
74.7| 77.8| 77.7) 74.3| 77.8) 77.9| 75.8] 77.8) 78.0| 76.5) 74.7 TABLE 5.—The percentage of cases in which similar trends follow each 
77.6) 78.5} 78.2) 76.9) 78. 4) 78.9) 78.3) 78.5) 79.1) 78.8) 77.2 other from week to week, the percentage of cases when such is not a fact ie 
78. 4| 79.6) 79.1) 78.3) 79.4) 79.8) 78.7} 79.3) 80.1) 78.9) 78.3 nat ond f hen the trend is steady ff k to k 
77.8) 79.5| 79.4) 77.9] 79.5) 80.1/ 78.6) 79.9) 80.2) 78.5) 78.7 a percentage oj cases rend 18 steady Jrom wee wee 
79. 4| 80.3) 79.7] 78.9| 80.1) 80.4] 79.4) 79.9) 80.6) 79.8) 78.7 
80.9} 80.8) 80.8} 80. 80.8) 81.7) 81.3) 81.5) 81.8) 81.6) 80.7 f conti. | of diseon-| Pet cent 
81.9} 81.8) 81.2) 82.0) 81.7] 82.0) 82.5] 81.1) 82.3) 82.6) 823 of |tinuity ofSteady 
81.0) 81.4) 81.7) 81.0 81.5} 82 1) 81.6) 81.8) 82.2) 81.7) 81.5 | trend 
80. 1} 80.7} 81.0) 79.9} 80.8} 81.2) 80.2) 81.3) 81.2) 80.5) 79.6 
Maximum air temperature. 50.0 45.2 48 
? Oct. 1 to Nov. 11, 1928. No record; ship in port. Key West harbor day temperature.........-..-..-.-..- 38.1 57.1 48 ~ 
5 Jan. 15 to Feb. 18, 1929. No record; ship in port. Key West harbor night temperature. .........-...----- 40.5 59.5 0.0 ae 
‘June 3 to June 16, 1929. No record; ship in port, North half of Straits day temperature...........--.---- 52.4 40. 5 7.1 a 
’ June 24 to June 30, 1929. No record; ship in port. North half of Straits night temperature............----- 57.1 38.1 4.8 “ 
* July 8 to Aug. 11, 1929. No record; ship in port. South half of Straits day temperature_.......--.-.----- 47.6 47.6 4.8 7 
Naw. 18, MA South half of Straits night 21.4 28. 6 
P in port, Habana Harbor day 83.3} 62.3 14. 4 


Record for one day only in this week, 


~ 


} 
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REFLECTIVITY OF DIFFERENT KINDS OF SURFACES 
By Hersert H. and Irvine F. Hann 


The reflection measurements and notes given in Table 2 
were made by Mr. Hand while a passenger in an Army 
airplane, using the same photometer that was employed 
in obtaining the measurements given in the Review, 
July, 1929, volume 57, pp. 291-295. The object of these 
flights was to measure the albedo, or the reflection coeffi- 
cient for different kinds of surfaces under winter conditions. 

On account of the cold, it was important that the 
photometer be read with minimum exposure of the 
observer to the wind. It was therefore necessary to 
reverse the position of the graduated spur wheel, J,! 
so that it could be read from above. In this new position 
the diameter of the projection of the iris opening from 
the white wedge, as read by the glass scale furnished with 
the instrument, increases with the reading of the photom- 
eter dial instead of decreasing as formerly. Compare 
in Table 1, calibration readings Nos. 3, 4, 5, and 6, made 
after the change, with Nos. 1 and 2, made before the 
change. In reading tenths of divisions on dial K;,' it 
is now necessary to take the compliment of the reading 
instead of the direct reading. 


TaBLe 1.—Iris diaphragm calibration—Photometer Munro No. 3 


Diameter of projection of iris from white wedge on glass scale 
Reading of 3 photometer in connection with outside of large window—iris closing 


No.1 No. 2 No.3 | No.4 No. 5 No.6 


Centi- Centi- Centi- Centi- Centi- 
meters meters meters meters meters 


alsin 


No. 3.—First calibration after dial ersed. eSsrs. 
Kimball and Hand Jan. was revi Mean of readings by M 
0. 4.— same date by same observ neutral glass 
washer in place. For use with 
No. 5.—Check readings made Feb. 7, 1930. 
No. 6.—Check readings made May 12, 1930. 


1 Richardson, L. F. Report on photometers for a survey of the reflectivity of the 
earth’s surface. Union Géodésique et Géo ysique Internationale, Section de Météor. 
ologie. Troisiéme Assemblée y , 1927. Cambridge, Eng., 1928. 


Cloud conditions during the winter of 1929-30 were 
seldom favorable for reflectivity measurements. On days 
when there was a cloud cover of uniform thickness pre- 
cipitation generally occurred before a flight could be 
made. Fortunately, February 1, following the only con- 
siderable snow storm of the winter (11.5 inches on Janu- 
ary 30), was cloudy during the morning, and by flying 
north a snow cover that had been but little affected by 
the sunshine of January 31 was found. The results of 
the flight are given in Table 2, flight No. 1. 


TasiE 2.—Flight No. 1: Took off from Bolling Field at 10 a. m., 
February 1, 1980: returned at noon. Lieutenant Willis pilotis 
OH-1 lass plane, ‘‘The Alabama.” Ground covered wit 
snow, which was 11.5 inches deep at Washington at 8 R; m. of 
January 80, 9.5 inches on January $1, and 5.5 inches on February 
1. Neutral-glass filter transmitting 49 per cent + 1 per cent 
covers sky window 


~ 


Ratio | Relee-| 
As on | Filter Position and notes 
Ay = level 
(feet) 
166 423| 1,000 | None--..-- Over St. Elizabeths. 
243 620 | 1,500 | None.-_-.-- Park in oe very smoky and hazy. 
196 500 | 1,500 | None-_-.-- Hyattsville, Md. 
308 786 | 1,500 | White field. 
97 247 | 1,500 | None_-.--- Forest. 
291 742 | 1,500 | None_..... White field. 
338 862 | 1,500 | None_--.-- Very white field. 
349 890 | 1,500 | None... Do. 
283 722 | 1,500} Green_.... White field. 
49 125 | 1,500 | None.....- Dark forest. 
36 92 1,500 | None.....- Very dark forest. 
291 742 | 2,000 | None._..-- White field. 
248 633 | 2,000 | Geeen____- White field (near Sugar-Loaf Mountain). 
299 763 | 2,500 ; None.....- Large white field. 
54 138 | 2,500 | None_...-- Forest. 
275 702 | 3,000 | None-...-- White field. 
147 375 | 3,000 | Red_-_-.-- White field; difficult setting. 
38 97 | 3,000 | None.__..- Forest. 
294 750 | 4,000 | None._...- White field. 
86 219 | 4,000 | None._...-. Forest; too cold at this height. 
38 97 | 2,000 | None._.... Baltimore; very smoky beneath. 
38 97 | 2,000 | None._..-- Chesapeake Bay; smooth surface. 
275 702 | 2,000 | None.....-. | White field. 


NotEe.—To obtain the reflection coefficient, or albedo, the ratio As/Ag has been mul- 
tiplied by 1.25/.49=2.55, where the factor 1.25 makes ailowance for the fact that the sky 
dow admits light to the photometer from a sky area near the zenith, which is the 
brightest point in a completely overcast sky. The factor 0.49 is the transmission of the 
neutral glass scree: 


n. 
The designation ‘‘ White field’ simply means a patch of snow large enough to give 
time in passing over it for an accurate setting of the photometer. 


This was the first time that the plane had been taken 
out since it had been given a li Bt overhauling. The 
flight was therefore serving a dual purpose—for observa- 
tional work, and for a test flight. This latter necessi- 
tated at times speed in excess of 150 miles per hour with 
attendant vibrations, particularly of the photometer; 
but since this speed was maintained for brief periods 
only it did not interfere with observations. 
he photometer had been recalibrated with its dial 
dimmed from the lower to the upper side. Without this 
change it would have been impossible to read the instru- 
ment; in fact, with the heavy clothing needed for pro- 
tection from the extreme cold, it would have been im- 
possible to have even gotten into the plane with the 


2 

5 
| | 

= 
ae ies oe No. 1.—Mean of two readings each by Messrs. Kimball and Hand, Jan. 11, 1930. 

Sh as ae No. 2.—Mean of one reading each by Messrs. Kimball and Hand, Jan. 11, 1930, paper 
> arene : separator in place holding neutral glass filter. This calibration for use with measure- 
ments over snow. 

| 


30 


ish 
m, 


ct. 


Juny, 1930 


photometer as originally mounted, with half of it pro- 
jecting into the cockpit. 

The neutral filter was used during the entire series 
owing to the difficulty in removing it during flight. 

Weather conditions.—Upon arrival at Bolling Field the 
sky conditions were ideal, but as it was inspection day, 
and the plane was still undergoing repairs, some hours 
elapsed before we were able to take off. Good conditions 
prevailed for 10 minutes, after which the sun came out. 
We headed north and within half an hour were again 
under a totally cloudy sky; in fact, the best sky we have 

et had for observing. We turned back near the 
faryland-Pennsylvania State line, returning by way 
of Baltimore, and obtained some measurements over 
Chesapeake Bay. 

Our attempt to locate pine or evergreen forests of 
large enough area for observational work was futile, 
so we had to be satisfied with deciduous trees. We were 
fortunate in locating many large open fields completely 
snow covered. The composite view from the air of 
mixed terrain (forests, fields, streams, cities, and towns, 
etc.) following a heavy snow storm, did not present as 
white a surface as had been anticipated due to the darken- 
ing effect of large forest areas. 

Observations were made at various heights, but the 
temperature was so low at 4,000 feet and the wind so 
strong that readings at this height were soon abandoned. 

Very few measurements of the various components of 
light were obtained. The condensation of moisture on 
the inside of the observer’s goggles, together with the 
filtration of the light beam by the color screens, dimin- 
ished the illumination intensity to a point where photo- 
metric settings were of doubtful value. 


TaBLE 2.—Flight No. 2. Took off from Bolling Field at 11 a. m., 
February 5, 1930; returned at noon. Lieutenant Willis piloting 
OH-1 Douglass plane, ‘‘The Alabama”’ 


Height 
Ratio — above 
As (unit=| S¢- Filter Position and notes 
Ae | 0.001) level 
(feet) 
47 59 | 1,000 | None__....| Was D.C 
38 48 | 1,000 | None___.-- Grassy fields 
34 42} 1,000 | None-__... orest. 
120 150 | 1,000 | None_-_.-- Field; some snow. 
65 81 | 1,000 | None-_----. Forest; some snow. 
29 36 | 1,000 | None____-- Pine forest; no snow. 
86 108 | 1,000 | None-...-- Deciduous forest; some snow. 
48 60} 1,000 | None......| Deciduous forest; no snow. 
36 45 | 1,000 | None-__...- Grassy fields (greener than would be expected; 
probably spring wheat). 
52 65 | 1,000 | Green__..- Same kind of field; no snow. 
34 42} 1,000 | Green_._-- Forest on hillside; very little snow. 
27 34 2,000 | None___... Pine forest. Now in Virginia; no snow during 
remainder of flight. 
31 39 | 2,000 | None__..-. Deciduous forest. 
35 44] 2,000 | None__.._-. Green fields. 
155 69 | 10-20 | None--..-- Over Potomac River. 
44 55 | 10-20 | Green_..-- Do. 
83 104 | 10-20 | Do. 


1 Came down low over the river on account of the extreme cold aloft which made 
reading the photometer unbearable, as my flying suit had been torn open by the wind. 
It is necessary to lean out of the cockpit when making settings on the photometer and 
perfect fitting clothing is required to stand the strain. This was by far the coldest of 
the flights which explains the paucity of readings obtained, 
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TaBLe 2.—Flight No, 3: Took off from Bolling Field at 11.50 a. m., 
May 12, 1930; returned at 1.10 ae Tneutenant Willis piloting 


OH-1, Curtis motored plane, “‘ Nevada” 
Height 
Ratio, tion | ®bove 
as (unit= if Filter Position and notes 
ev! 
« | 0.001 (feet) 

481 60 | 1,000 | None__..-- Green fields. 
272 34 1,000 | None-_-..._. Green forest. 
289 36 | 2,000 | None-_..._- Do. 
389 49 | 2,000 | None--_.-.. Light green forest. 
490 61} 2,000 | Green.___- Do. 
537 67 | 2,500 | Green..__. Ploughed white fields. 
520 65 | 3,000 | Red_..._.. Do. 
388 48} 3,000 | Forest. 
272 34} 3,000 | None__-_.-- Mixed; trees, fields, etc. 
358 45 | 3,000 | None__.--- Forest. 
509 64 | 3,000 | None_-.._- Patuxent River. 
351 44 3,000 | Forest. 
466 58 | 3,000 | Green___-- De. . 
596 74 | 3,000 | Fields; apparently wheat. 
516 64 | 3,000 | Green____. Do. 
273 34 | 3,000 | None.____-. Chesapeake Bay, near shore. 
275 34 3,000 | None-_._.-- Chesapeake Bay; one-half mile out, 
291 36 | 3,000 | None......| Chesapeake Bay; 144 miles out. 
325 42; 3,000 | Green__... Chesapeake Bay; well out. 
317 40 | 3,000 | Green.__-- Do. 
315 39 | 3,000 | Green___-- Do. 
359 45; 3,000 | Red__...-. Do. 
359 45 | 3,000 Do. 
363 45 | 3,000} Do. 
278 35 | 3,000 | None_._-_- Do. 
284 36 | 3,000 | None_._.-- Do 
296 37 | 2,000 | None-..-_- Do 
300 38 | 2,000 | None---..- Do 
386 48 | 2,000 | Green_____ Do 
390 49} 2,000 | Green___-- Do 
362 45} 2,000 | Green._._. Do 
277 35 | 2,000 | Red___--_- Do. 
324 40 | 2,000 | None-_-.__- Chesapeake Bay, near shore. 
532 66 | 2,000 | None_._._- Broken ground; trees, bare ground, etc. 
442 55 | 2,000 | None-_-._._- Patuxent River. 
634 79 200 | Green____- Light green wheat field. 
409 51 100 | Green____. Forest. 

1, 083 112 100 | None-_.__.- Very white bare ground. 


NotEs.—(1) Tried blue filter but had no success, as the light transmitted was too 
weak to admit of accurate settings. 

(2) Bay seemed smooth but close inspection showed presence of white caps. Bay 
appeared much darker near shore. Headed for the ocean but clear skies made return 
trip necessary. It is thought, however, that bay measurements closely approximate 
those over ocean, as the bay is so large at this point and close to the ocean. 

% Patuxent River appeared to be lighter in color than the bay. 

4) At elevation of 200 feet and less it was impracticable to attempt readings over 
forests or over green fields with no filter, owing to extreme color difference, which is 
much greater than at higher levels. 

(5) Excellent visibility; Blue Ridge plainly visible from extreme eastern point of 
flight, an estimated distance of over 100 miles. The individual peaks stood out clearly 
when flying at a height of 3,000 feet. Visibility to the east was rather poor, due chiefly 
to clear skies over the ocean. 

(6) Altogether the sky conditions during the flight were as good or better than dur- 

any other flight. The only interference from uneven sky conditions came at the 
= © eastern point of the flight, when observations were discontinued for a few 
utes. 

(7) Most of the terrain covered was rather broken—that is, alternate small forest 
areas, wheat fields, ploughed ground, villages, rivers and small streams. There are few 
large farms, the average size probably not exceeding 100 acres, and each farm itself being 
broken up into various kinds of surfaces. 

(8) Although readings have been recorded at 2,000 feet, the height varies from 1,950 
to 2,050 feet owing to bumpy conditions at the 2,000-foot level. Aside from this one 
bumpy layer, the flying was very smooth, although the usual bumps occurred when 
flying from over a land surface to over a water surface, or vice versa. 

(9) The plane used during this flight is extremely fast; being of a new type recently 
adopted by the Army. Nevertheless, excellent exposure was obtained with little or no 
obstruction from plane parts. 


The reflection measurements given in Table 2, flight 
No. 1, over snow-covered fields are in good accord with 
measurements over similar surfaces made with a pyrheli- 
ometer by Kalitin at Sloutzk, near Leningrad (MonTHLy 
Weatuer Review, February, 1930, vol. 58, p. 59), if 
we take into account the fact that flight No. 1 was made 
on the second day following the snowfall, and that in 
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the meantime in the vicinity of Washington there had 
been material settlement of the snow. The measure- 
ments by Kalitin over bare ground in April and May 
ive much higher values than are given in Table 2, flight 
No. 2, and this is also true of similar measurements by 
ngstrém using a pyrheliometer (Montaity WraTHER 
Review, November, 1926, vol. 54, p. 453). In explana- 
tion of these differences it should be remembered that the 
Richardson photometer measures the vertical reflection 
from an area of small angular extent immediately below 
it, while the pyrheliometer employed by Kalitin and 


Angstrom measures the light received from a full hemi- 
sphere. Since newly fallen snow gives an almost perfect 
matt-surface, it has the same brightness from whatever 
angle it is viewed. The vertical reflection is the same as 
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the reflection from various angles of incidence. This is 
not the case with water surfaces, plowed ground surfaces 
or sod surfaces. The first named becomes nearly a per- 
fect reflector at low angles of incidence, as compared with 
the low reflection obtained at normal incidence. Fields 
of growing grain or grass present a deeply pitted surface 
with the bottoms of the pits poorly illuminated. When 
viewed at norma! incidence it is principally the illumina- 
tion from the bottom of these pits that is measured, while 
as the angle of incidence increases the refiecting surfaces 
present an increasing percentage of leaf surface. For 
this reason measurements with the pyrheliometer give 
values of reflection from sod surfaces approaching in 
value the reflecting power of leaf surfaces as seaetesll by 
Coblentz and others. 


RAINFALL CATCH AS AFFECTED BY DIFFERENT DEPTHS OF FUNNELS IN THE 
RAIN GAGE 


By Bensamin C. 


[Weather Bureau, Washington, April 18, 1980] 


The standard 8-inch rain gage of the United States 
Weather Bureau is equipped with a collecting funnel 
having a vertical wall 2% inches deep to the sloping part, 
~ a slope angle of 41%° below the horizontal to the 
outlet. 

From time to time honest doubts as to the sufficiency 
of the depth of this funnel have been communiceted to 
the instrument division of the Weather Bureau, and in 
an effort to obtain some facts several comparisons were 
carried on: 

The first comparison was voluntarily undertaken by 
one of these honest doubters, Mr. C. A. Hurlbutt, co- 
operative observer, Elk Creek station, Pine Grove, Colo., 
who was provided by the instrument division with a 
second gage exactly like his standard, but with the ver- 
tical wall of the funnel 6 inches deep as compared with 
the 24-inch standard. Mr. Hurlbutt meade readings of 
both gages daily, May to October, 1923. The total 
catch in the standard funnel was 23.59 inches and in 
the funnel with 6-inch wall 23.97, an increase of 1.4 per 
cent. Of the 97 comparisons made, 78 showed exact 
agreement between the two gages, 7 showed 0.01 inch 
more caught in the deeper funnel, 7 showed 0.02 inch 
more, 1 showed 0.03 inch more, 1 showed 0.05 inch more, 
while one instance showed 0.03 inch less. 

Differences for each rain can not well be expressed in 
percentages, and it seems needful for a complete under- 
standing to present, as Table I, the tabulated measure- 
ments as Mr. Hurlbutt reported them. Wind velocity 
was not recorded: 

Through the cooperation of Dr. Oliver L. Fassig in 
charge of the San Juan, P. R., station of the Weather 
Bureau and his assistants a more extended set of com- 
parnons was carried out on the grounds of the San 

uan Weather Bureau station. Two standard 8-inch 
gages, one with vertical wall of funnel 2% inches deep, 
the other with wall 6 inches deep were exposed side b 
side. Detailed measurements are presented in Table II. 


The total catch in the 2%-inch funnel was 47.41 inches 
and in the 6-inch funnel 47.96 inches, or 1% per cent 
more. Of the 145 measurements made, 77 showed exact 
agreement, 23 showed 0.01 inch more for the deeper 
funnel, 12 showed 0.02 inch more, 5 showed 0.03 inch 
more, and 1 showed 0.06 inch more, 20 showed 0.01 inch 
less, 2 showed 0.02 inch less, and 1 showed 0.04 inch less. 


TaBLe 1.—Daily catch of rainfall (inches) two 8-inch gages a 


with 24-inch and 6-inch funnels, respectively. Elk Creek Statton, 
Pine Grove, Colo. 
May June | July August | September | October 
g | g 3 
| | 
0.87 | 0.88 | 0.75 | 0.75 | 0.02 | 0.02) 0.10 | 0.12 
.00; .09| .05| .05| .02| .02| .08 
13.4 08} .08] .02] .02; .80| .32) 232 68 | .68 
16. -O1| .20 | 1.25 | 1.30) .84| .08| .08 
23. OF .55| .55| .20| .21| .2| .2 
.95 | .96| .01| .01 
Sums..-| 1.56 | 1.55 | 3.68 | 3.68 | 7.06 | 7.16 | 6.45 | 6.54 | 1.26 | 1.31 | 3.58 | 3.69 
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TABLE 2.—Daily catch of rainfall (inches) two 8=inch 
with 24-inch and 6-inch funnels, respectively. San Jus 
May 6, 1924, to March 28, 1925 


equipped 
n, P. R., 
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the advantage of the deeper funnel is not completely 
established. Two occasions, February 16 and 17, show 
an advantage for the deeper funnel, but the total emount 
of rainfall is not large, nor are these two occurrences 
considered conclusive evidence. 


TABLE 3.—Advantage of deeper funnel not completely established 


Wind Rainfall, inches 
Per cent, 
2% hours, | Maximum) inch | 6-inch 
miles hour funnel funnel 
May 11, 1924. 253 15 1,72 1.78 +2 
June 22, 1924... 206 20 1. 66 1. 62 —2 
359 32 . 37 40 +8 
620 33 .37 39 +5 
§21 31 . 50 . 53 +6 
4. 62 4.72 +214 


May June July August September 
24 6 | Ml 6 | 6 24 6 | Mm! 6 
inches | inches | inches | inches | inches | inches | inches | inches | inches | inches 
0.10; 0.10 + 1.23 |. 1.2 .02 02 
08 -08 |. 
. 04 . 04 36 . 34 07 hi dade sla 
. 06 06 04 . 04 03 . 03 42 
12 .12 02 . 02 24 
Sums_} 4.20) 4.29) 5.45) 5.35! 6.31] 6.36 72 74 2.00 
October | Novembet | December | January | February March 
3 
0.37 | 0.40 0. 22 | 0.22 
0.87 | 0.89 | .63 63 10; .02/ .02). 
Os . 20 20; .02 02 29 .45) .45 .05 
-04| .04 -O1; .O1 
-386| .94 -06| .05 
| .74 -65 | .65 
---| .20| .24 -05 | .05 
| .47|) .2) .29| .53| .05 06 
1.01} 1.05 | .62 -60} .06 06 
1.46] 1.45; .13 .05; .04 04; .04 
2.46 | 250] .20] .81 08 08 
.3l -81 | 1.08 | 1.07 1 10 
Sums-.-| 1.07 | 1.09 {11.43 {11.47 | 7.91 | 8.11 | 3.04 | 3.11 | 3.87 | 4.00 | 1.44 | 1.44 


A recording anemometer in operation at San Juan 
makes possible examination of the catch as affected b 
wind. On nine occasions during which maximum winds 
35 to 42 miles an hour were recorded, the catch was 3.55 
inches and 3.62 inches, respectively, an increase of 2 
per cent for the deep funnel. On 21 occasions with 
maximum winds 30 to 34 miles an hour, the catch was 
5.18 and 5.54, respectively, an increase of less than 7 
per cent. 

Presentation of all these details is hardly warranted, 
but Table 3 shows that in moderately windy weather 


The San Juan comparisons include also measurements 
of the catch in two gages 12 inches in diameter, one being 
the tipping gage employed by the Weather Bureau for 
automatic record purposes and equipped with a funnel 
with rim 3 inches deep, sloping down 45° to the outlet; 
the other differing only in depth of funnel, which was 
8 inches instead of 3. The catch in these two gages is 
shown in Table 4, to be in close agreement throughout 
the period, some of the monthly totals being the same 
for both gages, and the totals for the entire period dif- 
fering by only six-tenths of 1 per cent. Reference to 
the individual values, not here presented, show the usual 
day-to-day differences. 


TaBLe 4.—Catch of rainjall, San Juan, P. R. 


12-inch gages 
1924-1925 Total | Per cent 
3-inch 8-inch 

rim rim 
May 6-31 aa 4.17 4.21 +. 04 +1 
5. 37 5. 35 —. 02 0 
July 6. 33 6. 36 z 03 0 
0.73 0.74 O1 +1 
September. 2. 00 1. 98 —. 02 —1 
November. 11. 30 11. 30 0. 0 
mi 7. 95 7. 85 —.10 
January... 2. 97 2. 89 —. 0&8 —3 
February. 3. 86 3.77 —.09 —2 
Mar. 1-24 1. 36 1.30 —. 06 +4 

47.12 46. 83 —. 29 —0.6 


Recognizing well known uncertainties attending the 
collection of rainfall, the conclusions to be drawn from 
these experiments may be stated as follows: 

1. Increasing the 3-inch depth of the funnel of the 
12-inch gage did not increase the amount of rainfall 
collected. 

2. Increasing the 2%-inch depth of the funnel of the 
8-inch gage increased the amount collected by a little 
more than 1 per cent, a value within the limits of error. 
* 3. There is no sufficient warrant in the showing made 
for correction of existing records made with either of 
the two gages (over 40 years), nor for recommending any 
change in United States Weather Bureau gages. 

4. : the design of a new pattern rain gage the depth 
of funnel should be somewhat greater than 2% inches but 
need not exceed 3 inches. 

It is known that a shallow funnel gage was discon- 
tinued many years ago in favor of the present form, 
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THE PRESENT STATUS OF CORRELATION INVESTIGATION IN METEOROLOGY ! 


By Franz Baur 
(Translated by W. W. Reed) 


Since merely first attempts at an application of corre- 
lation reckoning to the phenomena of daily weather and 
related problems are made here, this report was limited 
to those investigations that are, as a rule, in mind when 
there is discussion of meteorological correlation investiga- 
tion, that is, to the investigation of weather phenomena 
and their relations. 

These investigations are divided into two groups which 
are, on the whole, not to be sharply differentiated: 

1. Investigations of the relations of weather anomalies 
to coexistent anomalies in other regions, and 

2. Investigations of the relations of weather anomalies 
to antecedent or subsequent anomalies at the same place 
or even at another place. 

The most comprehensive investigations of the first class 
are those made by G. T. Walker. According to his view 
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Figure 1.—Lines of equal correlation coefficients between Jenuary pressure at 
Laurie Island (South Orkneys) and the coexisting pressure in the high pressure area of 
the South Atlantic. 1903-1923. 


we have on the earth’s surface three pressure oscillation 
systems: 

(a) The North Atlantic oscillation characterized by 
negative correlation between the pressure over the Azores 
and the coexistent pressure over Iceland; 

(b) The North Pacific oscillation, which appears in a 
corresponding negative correlation between the air pres- 
sure at Honolulu and that over the Aleutian Islands; and 

(c) The so-called see-saw of the Southern Hemisphere, 
which consists in a negative correlation between the pres- 
sure over the Indian Ocean and that in the South Pacific 
Ocean, in which, in general, the regions of high pressure 
in the Southern Hemisphere have a pressure oscillation 
following the course of that of the South Pacific, while 
the regions with low pressure in summer have a pressure 
oscillation paralleling that of the Indian Ocean. 

The first two oscillation systems are very evidently 
connected with that total of current systems that we are 
accustomed to call the ‘‘general atmospheric circulation.”’ 
This connection comes about in that: 

1. The velocity of the west-east current in the tem- 
perate zone depends on the amount of the pressure gra- 
dient from the subtropical high pressure region to the low 
pressure region in about latitude 65° N. and; 

2. Low pressure near Iceland and low pressure over 
the Aleutian Islands brings about zonal pressure differ- 


1 Zeitschrift fiir Geophysik, Jahrg. 5, Heft 8. 1929. The paper from which this one is 
abstracted appears in Meteorologische Zeitschrift, Heft 2. 1930. 

See also Gilbert T. Walker’s discussion of this paper in Meteorologische Zeitschrift 
Heft 6, 8. 229-281 (in German). 


ences, which make possible the exchange of air masses 
between the subtropical and the polar regions in adjacent 
meridional currents. 

On the other hand, despite all endeavors devoted to the 
purpose, there has been thus far no success in fitting the air 
pressure see-saw of the Southern Hemisphere into the sys- 
tem of the general circulation of that region in the same 
clear and natural manner. It must be pointed out here 
that the correlation coefficients characterizing the see-saw 
are considerably smaller and more changeable from year to 
year than is the case with the coefficients in the northern 
oscillation systems, especially that in the North Atlantic. 

On theoretical grounds, however, it is probable that 
meridional pressure compensations exist in the Southern 
Hemisphere also. At present they can be demonstrated 
only with very great difficulty, since there are no suitably 
located observation stations in the pressure trough be- 
tween 50° and 70° S. The only station here is Laurie 
Island (South Orkney Islands), from which there is avail- 
able at present only a short series of observations. The 
pressure correlations, calculated by myself, for this sta- 
tion with the different stations in the Southern Hemi- 
sphere in latitudes 15° to 45° permit the conclusion—as 
will appear from Figures 1 and 2—that there is a nega- 
tive correlation of pressure between lower and higher 
latitudes; and it appears that the central region of the 
South Atlantic High has the most marked negative pres- 
sure correlation with Laurie Island, thus, that in the South 
Atlantic there exists a pressure compensation system such 
as we have long recognized in the North Atlantic. 

As we delve deeper and deeper into weather phenomena 
it appears that the so-called “‘general atmospheric circu- 
lation’ is a rather complicated system, made up of a 
whole series of subsystems and that, in the temperate 
zones especially, the essential part of this general circu- 
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Leurie ksland 


FicureE 2.—The same except for July instead of January. 


lation is not the west current or—more correctly stated— 
the excess of westerly wind components, but consists in 
band-like meridional circulations that bring about ex- 
change between subtropical and polar air. In view of 
this there arises the question as to how far it is correct 
to speak of a ‘‘general atmospheric circulation” in the 
sense of a homogeneous system with homogeneous oscilla- 
tions. The question here proposed is most closely con- 
nected with another which f have designated as the basic 
question of macro-meteorology, which can be formulated 
thus: In the oscillations of intensity in the different cur- 
rent systems, whose sum total we designate as the gen- 
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eral atmospheric circulation, are there involved processes 
which in the main have their basis in themselves, that is, in 
which a state B is conditioned in greatest part by a preced- 
ing state A (atmospheric or hydrospheric), or is the cause 
of the changes to be sought in greatest part outside the 
atmospheric mechanism, thus in cosmic influences or, for 
example, in dust turbidity due to volcanic eruption? 

In his Untersuchung der Schwankungen der allgemeinen 
Zirkulation A. Wagner has shown.that in the considera- 


tion of 10-year average values there appear between dif- — 


ferent decades systematic differences in air pressure, tem- 
perature, yearly amplitude, and precipita- 
tion which permit us the inference of changes in the general 
circulation as a whole and make it appear probable that 
these changes have their cause in changes in solar radia- 
tion. When, however, we make a numerical comparison 
between the changes found by Wagner in the 10-year mean 
values and the anomalies that we encounter in the month- 
ly means there is found such a vast difference that there 
appears to be full warrant for doubt that these anomalies, 
which determine the actual character of the weather, are 
caused chiefly by exterior influences and not by inherent 
conformity to law in the individual current systems. 
These inherent laws bring it about that the oscillations 
in the individual current systems naturally take place not 
independently and yet not in homogeneous manner. We 
have confirmation of this in the negative correlation of 
air pressure over Iceland with coexistent pressure over the 
Aleutian Islands in winter and spring, also in extremely 
low correlation (in spring even negative correlation) of 
pressure over the Azores with that over Honolulu, and 
again in very low correlation between air pressure over 
the Azores and over Iceland, too, with the coexistent 
seg a in the centers of the subtropical high pressure 
elt in the Southern Hemisphere; in addition even the 
correlations for annual means likewise show to some extent 
not even the sign that would be expected with homogene- 
ous oscillation in all parts of the atmospheric circulation. 
Then, too, the synchronous correlations within the southern 
high-pressure Pelt are only small and not systematic. 

n good agreement with these facts there stands the 
additional one that up to the present time no worthwhile 
relation could be pointed out between cosmic processes, 
especially oscillations in sunspots, and terrestrial weather 
phenomena, since if the oscillations in the individual 
parts of the atmospheric circulation were to be referred, 
in the main, directly to oscillations in solar radiation then 
they must appear uniformly in all current systems. 
G. T. Walker has salou for a series of individual 
stations and for entire regions the correlation coefficients 
of three-month means of air pressure, temperature, and 
prewertence with the synchronous relative sunspot num- 

ers, With the exception of those for temperature at 
Batavia and on Samoa, which are negative in all seasons, 
the correlation values are generally very small. In 
agreement with this is the fact that in periodogram 
analyses of the temperature course at points in the tem- 
perate zone the amplitude of the 11-year period always 
proves to be about the same as, or but little greater than, 
that to be expected. There could be shown no connec- 
tion between amount of pressure gradient from the 
Azores to Iceland and the relative sunspot numbers and 
none between gradient and change in number from month 
tomonth. It may be noted, in conclusion, that Clayton’s 
correlations with Abbot’s solar constant are either rather 
low or—in so far as they show worthwhile  values—are 
derived too unsystematically and from too scant material 
for conclusions of any certainty to be drawn therefrom. 
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All these facts lead to the conclusion that the oscil- 
lations actually occurring in the several circulation 
systems and the weather anomalies connected with such 
oscillations can not be explained exclusively by oscilla- 
tions in the general atmospheric circulation or by outside 
influences causing the same, and further that it is rather 
the peculiar laws inherent in the individual current 
systems and the relations existing between successive 
weather anomalies that are of deciding significance. 

Correlation reckoning is an important aid in the in- 
vestigation of the relation between non-synchronous 
weather anomalies in different regions of the earth. But 
since there is involved in this the determination of statis- 
tical relations between antecedent and subsequent 
phenomena it can be understood that from the beginning 
there was connected with these investigations the thought 
of probable attainment, along this way and at some future 
time, of long-range weather predictions. It is probably 
due in part to this combination with the idea of a sub- 
sequent long-range forecast that the value of these in- 
vestigations was not always judged objectively; on the 
one hand it was over-estimated relative to significance 
in long-range weather forecasting and on the other hand 
it was underestimated relative to general scientific value. 

This pointed criticism has its basis in large part in the 
fact that the import of the values and the method of corre- 
lation calculation were not always correctly recognized and 
in the further fact that correlation calculation is, on the 
whole, not yet a fully developed branch of knowledge, but 
must be elaborated for the problems propounded to it. 

The first error relative to correct discernment of the 
significance of the values was that of being of the opinion 
that the correlation coefficient shows directly by what 
fraction of its amount the one variable is contained in 
the other. As the result of this idea the value of the 
first relation equations was overestimated since this 
fraction, or percentage, is given, not by the correlation 
coefficient, but by the square of that value. 

Consequently the requirement is now made that a 
relation equation intended for use in forecast purposes 
shall show at. the very least a total correlation coefficient 
or correlation index of 0.71, since only then has there 
been comprehended in the elements contained in the 
relation equation at least the half of all influences. 

If we consider in this light some relation equations that 
have become well known Tali ccte, we recognize that only 
a small percentage of these satisfy the condition. Out of 
the twelve relation equations derived by Walker for 
different regions and seasons with a view to the prediction 
of precipitation in India only three fulfill the imposed 
condition. Among these three equations we find, to be 
sure, one with a total correlation coefficient of 0.94. 
However, if this equation is considered more closely it 
is found that in it are contained a series of questionable 
correlations. 

A high total correlation coefficient is still not enough 
sufficient for the assumption that a relation equation can 
serve as basis for a forecast. In addition to this it is 
necessary that the individual relations be stable and real. 
The investigation of stability and reality of the relations 
is unconditionally necessary in order that the correlations 
oy be rightly interpreted. 

good example of the fact that even relations showing 
noteworthy correlations in a period of 50 years may be 
unstable is given by the relation between air pressure in 
Argentina from April to June and the following winter 
temperatures in northwestern Germany, which gives for 
the period 1874-1923 a coefficient of—0.48. lf we go 
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back to 1858 and calculate the coefficients for 23-year 

periods, we have: 


The correlation is, therefore, obviously unstable. This 
result opens the way to suspicion that the numerous other 
relations connected with the air pressure over South 
America in the autumn of the Southern Hemisphere, and 
hitherto considered as dependable, are unstable. 

By real correlations we are to understand those in 
which there comes to light a coherence in the oscillations 
of two phenomena in contrast to the apparent, “symptom- 
atic’”’ correlations, in which a correlation is simulated by 
a secular variation either direct or inverse. The remark- 
able correlations by Groissmayr between the annual 

recipitation at Charleston and the Nile flood two years 
ater is ovbiously an outstanding symptomatic one, as 
can be easily proven by the calculation of the Tschuprow 
divergence coefficient. 

In meteorological correlation investigations we must 
now make the requirement that stability and reality of 
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correlations be investigated in detail. The most import- 
ant requisite for a wise application of correlation reckon- 
ing in meteorology (and in geophysics) is the formulation 
of a clear and studied statement of the problem in a 
theoretical manner. The meagerness of the results of 
previous correlation investigations arises from the fact 
that these requirements were, for the greater part, not 
fulfilled. 

There are given, in conclusion, some results of the 
recent investigations of the writer relative to cases of 
conformity to law found in the air pressure oscillations 
in the belts of circulation over the North Atlantic Ocean. 
In strictest adherence to theoretical considerations and 
calculations, which showed that the air pressure on the 
middle meridian of belt of circulation oscillates in depen- 
dence on the preceding zonal differences in pressure and 
temperature, there were calculated for the following 
table the correlation coefficients of the monthly means of 
zonal pressure and temperature differences with (a) the 
air pressure gradient Ponta Delgada—Iceland from the 
month under consideration to the next, and (6) with the 
change in air pressure over Iceland in the same period. 


Correlation coefficients of the zonal pressure and temperature differences 


I- II- Iv- V- VI- Vil- VIII- Ix- x- XI- XIT- ‘Meds 
Vil Iv/V VivVI VI/VII | VIL/VIIL| | IX/xX X/XI | 
(a) With change in pressure gradient Ponta Delgada-Iceland to the next month (1874-1923) 
Pressure difference: 
Rome-Ponita Delgada..........-....----- +0. 36 +0. 48 +0. 37 +0. 53 +0. 59 +0. 46 +0. 35 +0. 32 +0. 16 +0. 48 +0, 21 +0.27 | +0.38 
Indianapolis-Ponta +. 42 +. 52 +. 66 +, 56 +. 41 +. 44 +. 48 +. 29 +. 23 +. 46 +. 41 +. 34 +. 44 
Haparanda-Stykkisholm. -..........--.- —.39 —. 58 —. 55 —. 58 —. 26 —. 59 —. 58 —.19 —.30 —. 43 —. 35 —.16 —.41 
Jacobshavn-Stykkisholm...............- —.32 —.45 —.47 —.47 —. 06 —. 36 —. 23 —.31 —. 50 —.39 —.44 —. 36 —. 36 
Temperature difference: 
romso-West Greenland........-..-...- —.16 —.42 —.44 —.41 —.21 —. 59 —.16 —. 43 —.53 —.51 —. 39 —. 34 —.38 
(b) With change in pressure to the next month over Iceland (1874-1923) 
Pressure difference: 
Haparanda-Stykkisholm +. 41 +. 61 +. 58 +. 66 +. 41 +. 61 +. 67 +.19 +. 38 +. 43 +. 42 +. 27 +. 47 
+. +. 57 +. 55 +. 59 +. 22 +. 34 +. 34 +. 30 +. 54 +. 42 +. 57 +.47 +. 44 
Temperature difference: 3 
romso-W est Greenland............---- +.18 +. 42 +. 49 +. 48 +. 21 +. 60 +.16 +. 45 +. 54 +. 55 +. 47 +. 38 +. 41 


Notr.—Explanation of the preceding table: The first correlation coefficient, +-0. 36, is the correlation coefficient of the air pressure difference Rome-Ponta Delgada in January 
with the change in pressure gradient Ponta Delgada-Iceland from January to February; that is, with the difference February mean—January mean of this pressure gradient, 


In agreement with the theoretical requirements it ap- 
eaeee that after a supernormal pressure difference 

ome-Ponta Delgada there follows pressure rise at Ponta 
Delgada and therefore increase in the pressure gradient 
between Ponta Delgada and Iceland, and that after a 
few than normal pressure difference Haparanda- 
tykkisholm or Jacobshavn-Stykkisholm there follows 
pressure rise at Stykkisholm and therefore decrease in 
ressure gradient from Ponta Delgada to Stykkisholm. 

nowledge that the relation to the meridional pressure 

adient is effected indirectly at first is gained from the 
act that the correlations of the two northern zonal 
ressure differences with the air pressure change at Styk- 
isholm is still greater than the correlations -with the 
change in pressure gradient. The same is also the case 
relative to the correlation of the temperature difference 
Tromso-West Greenland, which is likewise in harmony 
with theoretical considerations. All of these correla- 
tions show the same sign in all months of the year. The 
order of the correlation coefficient is not the same, how- 
ever, in all months of the year since the period of action is 
not always the same in the course of the year. The corre- 
lations are of greatest importance in the months of Febru- 
ary, March, and April and later in October. Detailed 
investigation shows that in these months the relations are 
linear, stable, and real. From the relations to the four 
zonal pressure differences, the relation to the tempera- 
ture difference Tromso-West Greenland, and the correla- 


tion with the preceding meridional temperature gradient 
there result relation equations with total correlation 
coefficients of 0.80 to 0.81. The value of R? is therefore 
0.64 to 0.67. The change in pressure gradient is deter- 
mined thus at some two-thirds of the zonal pressure 
differences, the temperature difference between the east- 
ern and the western parts of the circulation belt, and the 
meridional temperature gradient—a new proof of the 
determinant significance of previous weather history. 

For those months that gave rather small correlation 
values with the use of monthly means the extent of the 
period of action must first be obtained. Such investiga- 
tions are now under way. There is in progress, too, a@ 
study as to whether the length of the period of action is 
dependent on sunspots or other influences. 

Although these investigations relative to conformity 
to law in the oscillations of the North Atlantic air circu- 
lation have for the time being no direct value in long- 
range forecasting, since the weather depends not alone on 
the air pressure rowers from the Azores to Iceland, they 
mark a point of progress on the long, difficult road to 
long-range weather forecasting in that there are involved 
here the first relation equations that were obtained in 
strict adherence to theoretical considerations and calcula- 
tions and which in the demonstrated stability and reality 
of each individual relation give a close connection be- 
tween a meteorological value and a preceding complex of 
phenomena. 
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AN INLAND EMPIRE LONG-PERIOD RAINFALL RIDDLE! 


By E. M. Kryspr 
[Weather Bureau Office, Spokane, Wash.] e 


Spokane County in northeastern Washington and Bon- 
ner County in northern Idaho, adjoining on the State 
line, although meteorologically similar, hold quite con- 
tradictory long-period rainfall evidence. So positive and 
so opposite are the testimonies from these two sources, 
not over 75 miles apart, that we have a genuine long-time 
precipitation riddle. Both bodies of evidence indicate 
that the Inland Empire is unusually dry. However, 
one set of facts indicates the passage of a comparativel 
wet period and the recent arrival of a much drier period, 
while the other set indicates the approach of the end of a 
very dry period and possibly the time for a return to 
another wet period. 

Inasmuch as future widespread industrial activities 
not only in the Inland Empire, but perhaps in other 
parts of the Pacific Northwest, would be most adversely 
affected by any further dessication, a knowledge of the 
underlying causes is most desirable. A great opportunity 
is open to meteorology and the sister sciences to analyze 
the present evidence and discover new facts and deter- 
mine, if practicable, what Jupiter Pluvius may have in 
store for the “Spokane country” during the coming 
decades. 

In this precipitation dilemma, the Spokane County 
testimony has been attractively brought to the attention 
of meteorologists in an article in the Montuty WEATHER 
Review entitled, ‘‘Evidence of Prolonged Droughts on 
the Columbia Plateau Prior to White Settlement,” by 
Dr. O. W. Freeman of Cheney, Wash. Vol. 57: 250-51. 

His observations may be summarized as follows: Re- 
cent subnormal rainfall, particularly in 1926, has been 
attended in some of the lava bed lakes southwest of Spo- 
kane, by unusually low lake levels. The receding water 
has exposed to view stumps of pine trees originating at 
some unknown date in Silver Lake and Granite Lake. 
These stumps, now just above the low-water’s edge, 
represent, as determined by a count of their rings, trees 
of as much as 100 years’ growth. The argument is that 
during some prolonged drought prior to the coming of 
the white man the water levels of these lakes remained 
sufficiently low for a century or more for these trees to 
attain their growth, for such trees do not grow while 
standing in water. Then came the comparatively wet 
period from which we have in the last few years just 
emerged and raised the level of the water, submerging 
the lower portions of the trees. This high water, fluctuat- 
ing in its surface level, not only killed the trees, but 
finally rotted them at the water line and the trees fell, 
leaving the present stumps. A well authenticated photo- 
graph taken some 20 years ago shows these trees were 
still standing in 1908. Now, the stumps remain in mute 
testimony of a dry cycle of at least a cent For such 
trees to mature would require a level considerably lower 
than the 1926 level. Well may we wonder when this 
part of the country was dry enough to allow such unin- 
terrupted growth at such low water and whether the 
country is again going into still scantier rainfall. 

In confirmation of the silent testimony of these stumps, 
the author calls attention to low water levels in eastern 
Oregon at Goose Lake, Malheur Lake, and Harney 
Lake in 1926. 


1 Presented at the meeting of the American Meteorological Soc. at Eugene, Oreg., 
June 20, 1930, ii 


In one dried up lake bed well defined wagon ruts were 
found, supposedly made by some pioneer in the forties 
since this floor of the lake has not been out of water since 
the region was permanently settled. If the presence of 
the stumps in these lakes is explainable from only a 
meteorological angle then the shrubs and saplings now 
invading the exposed bottoms may possibly be permitted 
to reach the ripe age of 100 years during a new dry cycle 
just now dawning and by the year 2050 A. D. be sub- 
merged by the next wet cycle and fare the fate of their 
present mute predecessors. 

However, let us look to the other horn of our dilemma 
where indications point not to the immediate passing of a 
wet period bué to the passing of a 40-year extremely dry 
cycle. This evidence from the Priest River drainage 
basin in Bonner County is of an undoubted meteorological 
character. It was called to the attention of students of 
forestry by Robert Marshall in an article in the Journal 
of Forestry.? Briefly presented it is this: 

An exceptionally careful study of the ring growths of 
white pine trees near the Priest River Experiment Station 
with which Mr. Marshall for a while was connected con- 
vinced him that there have been in this section alternate 
wet and dry cycles of comparatively short lengths. For 
this study he selected five sets of different aged trees, viz, 
70, 140, 180, 230, and 280 years old, using from 8 to 15 
trees in each set for his averages. Trees were from well- 
drained soil and from locations affected as little as possible 
by other than meteorological conditions. His conclu- 
sions, graphically shown are that since the year 1675 


when his first set of trees started there have been three 
distinct wet period and three equally distinct periods, 
varying in length from 20 to 39 years. His dry cycles 


were: 1746-1785, 1826-1845, 1886-1925; his wet cycles 
alternated from 1706-1745, 1786-1825, and 1846-1885. 
This study as stated took into consideration the fact that 
such items as temperature, sunlight, location, winds, 
fire, age, all exert an influence on growth of wood tissue. 
To confirm his selection of these cycles, the author used 
at least two independent checks. 

Realizing that more trees start to grow during dry 
periods than in wet ones, he inventoried trees of three 
contiguous national northern Idaho forests with reference 
to the dates of their origin. He thus discovered that by 
far the largest percentage of trees, regardless of age con- 
sidered, originated in his determined dry periods. The 
other check was that of history including the Spokane 
45-year precipitation record since 1881. In the years 
of 1805 and 1806, Lewis and Clarke made notes on weather 
conditions to the effect that while in northern Idaho and 
western Montana during June, July, and August, there 
were 32 rainy days whereas we are now carrying & nor- 
mal of 20; and that ‘it rained, as usual’; or that the 
Indians were setting fire to trees to ‘‘stop the rain.” 
This occurred near the middle of the 1786-1825 wet 
period. Also it is noted that Washington Irving, his- 
torian, in relating the experiences of the Oregon pioneers 
he quotes them as saying in 1834 that ‘‘all the plains an 
valleys were in one vast conflagration” and that the 
‘‘mountains were enveloped in smoke” and that they 
had had difficulty in keeping together because of the 
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smoke. We see that the year 1834 falls in the dry period 
of 1826-1845. 

Not only does the Marshall graph of tree ring growth 
by pentads since 1675, by prependerance of evidence, 
support his determination of these brief, alternately wet 
and dry cycles, but it shows in a rather conspicuous way 
the degree of wetness or dryness. For instance, probably 
due to excessive rains or snows, comparatively heavy 

rowth is shown for the periods 1706-1745 and 1786-1825. 
Very light growths were indicated for 1760-1770. But 
the most striking truth brought out in this tree-ring 
investigation is that in all ages of trees there has been a 
radical decline of tissue growth since 1885, except that 
this decline was materially halted in all ages of trees 
considered from about 1896 to 1902. This spurt of 
growth during the final decline is accurately reflected in 
the Spokane weather records for the years 1896 to 1902, 
which, despite a rather dry 1898, show average precipita- 
tion of 18.75, more than 2.00 inches above the present 
Spokane normal. Notwithstanding those recent seven 
wet years, Mr. Marshall concludes that the 40 years 
from 1885 to 1925, where his investigation ended, were 
by far drier than any similar period in the last 280 years. 

Thus we find two neighboring counties, whose settings 
are meteorologically homogeneous, presenting diametri- 
cally opposite precipitation cycle aviaieie: he Granite 
Lake stumps point to a dry past of unknown origi 
terminating within the last two or three decades. The 
Priest River trees show no dry period in the last 280 
+ nig approaching in severity that of the last five decades. 

ow could Granite and Silver Lakes trees grow at such 
low water levels while the Priest River Basin was enjoying 
heavy precipitation? 

The proper solution of this enigma would be of much 
scientific interest as well as economic importance. Such 
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a solution should without doubt consider the follow- 


ing. 

‘Marshall’s careful determinations of alternate wet and 
dry cycles by ring growth in more than 50 white pine trees 
in Bonner County are closely paralleled in similar deter- 
minations of ring growths in 23 Douglas firs 25 miles 
northeast of Portland, Oreg., whose age was approxi- 
mately 210 years. From a table*® by A. E. Douglas 
measurements indicate corresponding heavy growths in 
Marshall’s wet periods and corresponding light growths 
in his dry periods. Between the white pine site in Bonner 
County and Granite Lake in Spokane County are numer- 
ous fresh water lakes now at unprecedented Soe water on 
whose banks ancient stumps are not revealed. This 
absence of old stumps on lakes to the north of Spokane 
needs adequate explanation. Is it not possible that the 
lava bed lakes now showing stumps have at some time in 
the past had a common subterranean outlet active at the 
time of the production of the old trees? Then also is it 
not possible that by some slight geological movement 
this outlet could have been in recent years blocked? 
Thus may these lakes have been filled and the trees killed. 
The present low water need not be accounted for by a 
reopening of the subterranean outlet, but by the general 
drought of the last few decades. 

A complete solution of this riddle should take also into 
consideration a chemical analysis of the waters, and a 
study of the biology and geology of all the lava bed lakes. 
Also a correlation of the rings of the old stumps with those 
higher up on the slopes and with those of the Marshall 
white pines and the Douglas Oregon firs, while probably 
not likely to be convincing, would be of intense 
interest. 


Climatic Cycles and Tree-Growth, by A. E. Douglas, Carnegie publication 
0. 289. 


TULARE LAKE '—A CONTRIBUTION TO LONG-TIME WEATHER HISTORY 


By C. E. Grunsxy, Eng. D. 
[1930] 


In making a study of the water resources of the San 
Joaquin Valley, Calif., for the State engineer department, 
during the years 1881 to 1888, certain interesting facts 
were developed by the writer which should be more 
widely known, because they throw some light upon the 
weather conditions in Central California, or, more par- 
ticularly, in the southerly San Joaquin Valley watershed, 
preceding any historical records. The facts to which 
attention will be directed relate to Tulare Lake which, 
during the last 30 years, has been repeatedly dry. In 
consequence of this condition the assumption is now gen- 
erally made that the lake is a thing of the past; that its 
ot bed for the most part at least will remain dry here- 

ter. 

That this assumption is premature and that the lake 
may at some unknown time in the future again attain a 
high stage will appear from a review of the history of the 
lake which had best be given by reference to the facts as 
they came to my attention. In 1881 and the years fol- 
lowing I had occasion to make a number of visits to the 
lake region after ois J informed myself from maps and 
reports of the topography and behavior of streams in the 
watershed and in the immediate vicinity of the lake. It 
will be recalled in this connection that Kings River which 
drains a large watershed on the western slope of the Sierra 
Nevada Mountains, enters the San Joaquin Valley at a 


1 Presented before American Meteorological Soc., Eugene, Oreg., June, 1930. 


point easterly from Fresno. The course of the river 
across the valley, or, rather, across the broad east side 
plain of the valley, is southwesterly. At a point about 
midway of its course across this plain the delta formation 
of the river begins. The river, before its course was modi- 
fied by human agency, sent some of its flood flow into 
numerous overflow or high water channels of which those 
toward the south discharged into the depression in which 
Tulare Lake lies and those toward the north were tribu- 
tary to San Joaquin River. At low water stages, during 
the period when Tulare Lake is not overflowing, the dis- 
charge of Kings River is into the lake. 

The delta of Ki River has been built up by the 
sand and silt which the river has brought into the valley, 
forming a broad flat-topped delta ridge which extends 
across the trough or lowest part of the San Joaquin 
Valley now appearing in the topography as a flat dam or 
barrier miles in width. Upstream or south from this 
barrier the original valley trough is at materially lower 
elevation than the lowest point on the crest of the ridge. 
A saucerlike depression has thus been formed upstream 
from the delta of Kings River. The water trapped in 
this depression forms Tulare Lake. 

Probably 100 square miles of the lake bed are at about 
elevation 179 feet above mean sea level. The lake was 
at a very high stage in 1853 after several seasons with 
more than ordinary rainfall. Thereupon there was 4 
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gradual recession of the lake with a drop in its water 
surface to about elevation 200 feet in the fall of 1861. 
The highest lake stage followed immediately. It was 
produced by the very wet winter of 1861-62 and the same 
stage was attained a second time in 1868, both at about 
elevation 216 feet, at which stage the maximum depth of 
water in the lake was about 37 feet. The area of the 
lake at this high stage was about 750 to 800 square miles. 
At elevation about 206 feet, water from the lake under 
ordinary conditions could flow northerly in a well defined 
channel toward the Fresno Swamp and thence into the 
San Joaquin River and at about elevation 210 feet the 
water of the lake over-topped the lowest point on the 
Kings River delta ridge. At the lake’s highest stage 
about 6 feet of water was flowing in a broad expanse 
northerly over this ridge. 

Information, received by me (1881 and 1882) from some 
of the farmers in the vicinity of Hanford—in the Mussel 
Slough country—was to the effect that the lake had 
reached an unusually low stage and that its recession had 
laid bare an area near the mouth of Mussel Slough, at the 
lake margin, covered with stumps of trees. This infor- 
mation prompted an investigation, with the result that 
these stumps were found and sketches were made (1882). 
The ground on which they stood is at about elevation 197, 
or about 22 feet below the highest known stage of the 
lake. At this point there was clear evidence of the loca- 
tion of an old channel entering the lake area from a north- 
easterly direction. Undoubtedly this was at one time 
one of the channels of Mussel Slough, most likely its 
principal channel, during a protracted period in which 
the lake was at or even below its then low = 

There were about 100 stumps to be seen. ‘These were 
probably all willow tree stumps. Their tops were ragged 
as though the trees had been broken off. They stood in 
part at the south side of the old sauah channel, upon 
ground the surface of which ranged from the water’s 
edge to perhaps 1 foot above the water surface. Some 
— were, in fact, on ground still covered with water. 
I tied my horse to one of the stumps and took time for a 
sketch which is the basis of the illustration which accom- 
panies this paper. 

Some of these stumps had a diameter of about 4 feet. 
Their dimensions and their position indicated that they 
were the remnants of a grove of willows which had 
reached mature growth along the bank of the water 
course and along the margin of the lake. It may safely 
be assumed that low lake stages with conditions favorable 
to the growth of these willows must have been continuous 
for a period of some 40 or 50 years or perhaps much 
longer. There was here then positive evidence that, at 
some time in the past before the arrival of the white man 
on the scene, the lake had been at or below the elevation 
of about 195 feet above sea level for a long period of time. 
The elevation here noted was ascertained by a survey 
made by me for this purpose in the fall of the following 
year (1883). 

Furthermore, after the lake rose to a stage high anouae 
to drown this willow growth, it remained at or above thi 
stage for 50 or 100 or more years keeping the stumps, 
after the trees had died and had been broken off, sub- 
merged until their discovery about 50 years ago. The 
long period of persistently light or moderate rainfall 
favoring the growth of the willows was followed by a long 
period in which the frequency of fairly wet winters kept 
the lake at fairly high stages, culminating as noted, with 
the very high waters of 1853, 1862, and 1868. 
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With the information relating to so much of the history 
of the lake as disclosed by the willow stumps as a back- 
ground, I interviewed some of the oldest residents of 
the lake region—among others Mr. Daniel Rhoads, of 
Lemoore. He informed me that there was an old Indian 
tradition to the effect that many years ago the lake had 
dried up. The Indians could cross from the east to the 
west side of the valley between two small ponds of water. 

It was from Mr. Rhoads and others that information 
was also obtained relating to the stage of the lake prior to. 


the very wet winter 1861-62 and also relating to the high 


water stage following this winter and a second very high 
stage in the year 1868. 

It developed from this inquiry that enough water was 
discharged in the single season 1861-62 by Kern River, 
Tule River, Kaweah River, Kings River, and a number of 
lesser streams into the lake basin to raise the lake’s water 
surface 16 feet. The lake, by reason of this inflow of 
storm water, was increased in surface area from about 


350 square miles in 1861 to nearly 800 square miles in 


1862. Moreover as the lake approached its highest stage 
some of its water went out through the outlet channel 
already referred to and over the top of the mings River 
delta ridge northerly into the Fresno Swamp and thence 
into San Joaquin River. No determination of the vol- 
ume of water that thus flowed northerly out of the lake 
basin has been attempted. 

It is, however, ssedile estimated from the lake stages 
before and after the winter of 1861-62 that there must 
have been an inflow of water into the lake region in a 
single season 1861-62 of more than 5,000,000 acre-feet 
of water. While the water surface elevation of the lake 
as determined by survey in 1883 was called its lowest 
known stage by everyone familiar with the lake, the 
weather conditions since then have failed to maintsin the 
lake even at that level. With many minor fluctuations, 
the lake has gradually dwindled in size. Its water sur- 
face became lower and in the fall of 1898 the lake bed 
was bare. 

Learning of this fact I made a second survey early in 
1899 to determine by spirit leveling just what the eleva- 
tion of the bed of the lake is. It was found to be about 
179 feet. Since that time water has reached the lake 
area practically every year, but not always in quantity 
to exceed the annual evaporation. 

It is natural that the shrinking of the lake and present 
conditions in the lake region should be attributed by 
many to the diversion, for irrigation, of the water natu- 
rally in the streams which flow into the lake area. While 
this use must, in some measure, reduce the quantity of 
water delivered into the lake, its effect during seasons of 
large water production will be almost negligible. 

en, in the light of the above facts, it is recalled that 
the highest lake stages were preceded by a very long 
period of low lake stages which must be taken to indicate a 
very long period with winter rainfall but little above or at, 
or below normal and no excessively wet winter at any time 
during this long period, we must conclude that the similar 
period, devoid of winters with excessive rain, which we 
are now experiencing and which commenced about 1890, 
will ourtelal some is be followed by occasional winters 
with rainfall comparable with that of 1861-62 or perhaps 
even with a succession of very wet winters. oreover 
no information is available which would permit a reason- 


able conjecture as to the length of time that the water of 
the lake covered the area on which the willows grew. 
This again was a long period. It must have commenced 
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long before the first explorations of this ion. Its 
commencement may have been in the eighteenth centu 
or even earlier—probably not in the nineteenth for whic 
contemporary or near contemporary records show unusu- 
ally wet winters as follows: 1804-5, 1824-25, 1845-46, 
1849-50, 1852-53, 1861-62, 1883-84, and 1889-90. 

That there were in this nineteenth century also some 
very dry seasons is well known. Such for example was 
the winter of 1828-29 in which, as the mission records 
show, some 40,000 cattle died in the southern counties 
for lack of food and water; and the winter of 1863-64 
with very little rainfall, disastrous to cattle and crops, 
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In this connection it may be recalled that the city of 
Szegedin in Hungary, after 100 years of protection against 
overflow, had its levees overtopped in 1879 by the high 
waters of the River Theis. So too, the recent high waters 
in southwestern France indicated heavier rainfall in that 
region than had been experienced since 1770. At Vienna 
on the Danube the greatest flood of which there is record 
occurred in the year 1501 or more than 400 years ago. 
Twice near the end of the last century the Danube reached 
stages at Vienna that were exceptionally high, but at 
which the volume of water brought down by the stream 
at its peak was only about three-fourths of that during 
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intermediate between the two high stages of Tulare Lake 
above referred to. (See diagram showing the stage of 
Tulare Lake, 1849 to 1930, and seasonal rainfall in central 
portions of California.) 

It appears from such evidence as the above that it 
would be improper to assume that, because California, 
considered in its entirety, has not had a very wet winter 
in recent years, the climate has changed and that never 
again will so much rain and snow fall as in the winter of 
1861-62. On the contrary, the facts which have been 
cited should rather be taken to indicate that there may 
be many years in succession without excessive precipita- 
tion and that there may be other periods, perhaps 
centuries in duration, in which years or seasons with 
excessive or relatively high precipitation will be frequent. 


the greatest flood in 1501. Manyzother instances could 
be cited of the long time interval between extreme rain- 
fall and runoff conditions, going to show that no material 
change in historic times in the amount of rainfall to be 
expected in any locality should be assumed. 

ven such facts as the retreat of the Alaskan glaciers, 
the gradual paeanprarenre of glaciers on the slope of 
Mount Shasta, and of the recent sudden melting away of 
the Palisades Glacier (1924) on the eastern slope of the 
Sierra Nevada, should not be taken as conclusive eviden $ 
of a change in climate, but should rather be attributed to 
a sequence of years with deficient snowfall and more than 
normal summer heat—factors which are conducive to the 
shrinkage of the ice fields and which may be followed by 
another sequence of years in which conditions are reversed. 
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CLIMATE OF LIBERIA? 


By Haro.tp J. Assistant Zoologist on the Expedition 
[Harvard University, Cambridge, Mass.] 


The rainy season was well under way in July and except from the direct light of the sun by a blanket of clouds, 


for a let up of a week or 10 days in late July (a period 
known as the middle dries), it continued until some time 
in October. The dry season was well begun in November. 
The latter part of September and in October there were 
frequent thunder showers, usually in the late afternoon. 
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KEY TO DIAGRAMS 
I. Curve to show curve to show days of sun during 
our 


According to Sir Harry Johnston, September and 
October have the reputation of being the most. unhealthy 
months and February the coolest and driest. On 
February 3, 1905, the shade temperature at Mount 
Barclay, 20 miles from Monrovia, registered 100° F. at 
2.30 p. m. The average annual rainfall in the coast 
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FAIR DAYS A RAINY DAYS 
II. Lines to show proportion of days of rain to days of no rain by months 


regions of western Liberia is about 153 inches. In 1905 
the greatest precipitation in 24 hours at Mount Barcla 
was nearly 8% inches, while the amount by the mont 
was 5 inches in January, %« inches in February, 1. 
inches in March, 5% inches in April, 19 inches in May, 33 
inches in June, 22 inches in July, 29 inches in August, 17 
inches in September, 8 inches in October, 6 inches in 
November, 5 inches in December. ? 

The distinct advantages of visiting Liberia in the 
tainy season are two. e, Liberia is usually shaded 
Harvard African Expedition, lead by Dr. Richard Strong, visited Liberia from 

? From Liberia, Vol. I, Sir Harry Johnston, 


even at noon. Two, the range of temperature in every 
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24 hours is not great and the average day temperature is 
cooler than during the months of the dry season. 
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On the other hand there are discomforts that go with 
traveling during the rains in a country where as yet many 
of the trails are stream beds. Most of the native bridges 
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are carried away by the swollen streams. Many of the 
native houses have leaky roofs. Walking long distances 
or making collections in the bush is often disagreeable, 
to say nothing of trying to dry specimens of animal skins 
or plants. The most unpleasant thing of all is probably 
the extremely high relative humidity which reaches as 
much as 98 per cent. At such times there is very little 
evaporation of moisture from the human body, and every 


chance for rust or mold to act on one’s equipment. 
* * * * 


Meteorological observations are of little value when 
one is no great length of time in one place. During July 
and half of August we were in the coast region. From the 
middle of August until nearly the end of October in the 
interior, and again on the coast for two weeks in Novem- 
ber. At no time did we reach an altitude over 1,100 feet 
above sea level. 

Observations at Monrovia and on the Dua River during 
July and August gave an approximate relative humidity 
average of 75 per cent at 8 a. m. and 90 per cent at 8 p. m. 
This daily change of 15 per cent was quite constant. 
The dew point averaged about 72° F. 

The prevailing wind was southerly, usually more notice- 
able in the early morning. Toward sunset often a light 
breeze would come in from the north or east. Except for 
a few sharp squalls, preceding thunder showers in Septem- 
ber, the breeze was usually light. There was distinctly 
more near the coast than in the interior. 

During July, August, and of September the sky 
was generally covered with slow moving and often low 
han heavy clouds. They were almost always moving 
north or northwestward. Roughly the amount of clouds 
covering the m3 would be about eight-tenths. This 
made the general character of every day gray or cloudy. 
The showers usually came in the afternoons. If it did 
rain in the morning, it was very apt to continue to do so 
allday. The heaviest rains were usually in the forenoon, 
late afternoon, or not long after dark. 

The barometer is of no use in foretelling a shower in 
this country unless it is a storm of some magnitude. 
Every morning at 8 a, m. one would get a pressure needing 
of about 29.85 inches, during the day this usually fe 
about five-hundredths of an inch so that at 8 p. m. it 


would read 29.80 inches. Im fact this change became 


so constant that one could plot a curve of daily variation 
and use it as a correction when measuring altitudes. 
No aneroid measurements without a check can be abso- 
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lutely accurate. (The expedition used a Green-sli 
ychrometer for determining the temperatures an 
umidity; and a Watkins 3-circle barometer for the 
pressure. ) 
WEATHER SUMMARIES 


(When a day is half in half it counts half for each) 


Average July temperature (°C.): 6a. m., 24.2; 8a. m., 25; 12 m., 
26.1; 6p. m., 25.5; 8 p. m., 25.2, 
Coolest 6 a. m., July 26, 22°; Warmest, 2 p. m., July 31, 28.5°. 
Days of rain, 15%; days of no rain, 944; days of sun, 8. 
Average August temperature (°C.): 6a. m., 22.6; 8 a. m., 23.5; 
12 m., 29.6; 6 p. m., 24.1; 8 p. m., 23.7. 
Coolest, 6 a. m., August 1, 17.9; 12 m., August 1, 29.8; 
warmest, 12 m., August 13, 30.5. 
Days of rain, 25; days of no rain, 5; days of sun, 3. 
Average September temperature (°O.): 6 a. m., 21.5; 8 a. m., 
23.8; 12 m., 28.3; 6 p. m., 25.8; 8 p. m., 24.7. 
—,€ - m., September 13, 20.4; warmest, 12 m., Septem- 
r 18, 30. 
Days of rain, 16; days of no rain, 14; days of sun, 10. 
Average October temperature (°C.): 6 a. m., 22; 8 a. m., 23.6; 
12 m., 26.7; 6 p. m., 24.3; 8 p. m., 23.8. 
Cone : a. m., October 5, 21; warmest, 2.30 p. m., October 
Days of rain, 11; days of no rain, 20; days of sun, 17. 
Average November temperature (°C.): 6a. m., 23.5; 8 a. m., 24.4; 
12 m., 29.2; 6 p. m., 26.2; 8 p. m., 25.1. 
oe a. m., November 3, 22.8; warmest, 12 m., November 
, 30. 


Days of rain, 5; days of no rain, 15; days of sun, 13. 


COMPARISON 

Range of temperature on an{| Range of temperature on an 
average day in Belgian Congo average day with rain in 
at Stanleyville, January 13, Liberia at Kakatown, August 

1927 (°C.): 22, 1926 (°C.): 
25. 3 8.30 a. 23. 3 
11.00 a. 26. 1 23. 5 

4.00 p m} shower) 2 3.00 p. 24.7 
6.00 p. M........4. 26. 1 24. 3 
Average temperature at various hours of the day over entire time 


(°C.): 6 a. m., 22.76; 8 a. m., 24.06; 12 m., 27.98; 6 p. m., 
25.18; 8 p. m., 24.5. 
Average daily variation, 5.22° C. 
Highest temperature, 12 noon, November 3, 30.8° C. or 87.4° F. 
Lowest temperature, 6 a. m., August 1, 17.9° C. or 64.22° F. 
Bo Yo day (greatest variation in single day) August 1, 
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WEATHER ABNORMALITIES IN THE UNITED STATES (8TH NOTE)—HIGH TEMPER- 
ATURE IN JULY, 19306 


By Aurrep J. Henry 


The daily maximum temperature in Washington, D. C., 
in July, 1930, passed the 90° mark on 18 days and the 
100° mark on 6 days, 4 of which were consecutive. The 
maximum of the month, 106° on the 20th, was also the 
absolute maximum during the period of observations 
that began in 1870. The 4-day period of maximum 
temperature of 100° or more is also a second high point 
in the last 60 years of observation. These extraordinary 


. temperatures were not peculiar to the eastern seaboard 


but prevailed also over a very considerable part of the 
country from the eastern foothills of the Rocky Moun- 
tains to the eastern seaboard States of Maryland and 
Virginia and from North Dakota to northern Louisiana. 
Also in California and Arizona a]though high temperatures 
locally in these States are more ping common in the 
hot season, especially in the Great Valley of California 
and in the lower Colorado Valley in Arizona and 
California. 

It might be inferred that unusual atmospheric con- 
ditions must have been experienced in order to cause such 
high temperatures; on the contrary the novice in reading 
the daily weather charts doubtless would be more or less 
puzzled to account for the high temperatures that 
prevailed over so great an area. 

There are at least three great factors in the heating of 
the atmosphere, viz, (1) the amount of solar radiation; 
(2) the horizontal transfer of heat from place to place, 
and (3) the amount and character of terrestrial radiation. 

Thanks to Abbot and his colleagues the amount of 
solar radiation received day by day is pretty well known 
but we can not, as yet, pass directly from measures of the 
daily output of the sun to the corresponding terrestrial 
temperatures. The second factor—the horizontal trans- 
fer of heat by the wind and by ocean currents—seems to be 
the chief agency by which daily changes in temperature 
are brought about. Little is known, quantitatively, of 
the amount of cooling that may be due to radiation from 
both the earth and its atmosphere. 

The solar constant values as cabled from Montezuma, 
Chili, to the Astrophysical Observatory of the Smith- 
sonian Institution and published on the Weather Bureau 
daily weather chart for vuly were higher than the average, 
but as above indicated no one has been able to satis- 
factorily correlate solar constant measures and terrestrial 
temperatures; it may be said, however, that studies of a 
sequence of daily constant measures and temperatures at 
Washington, D. C., by Dr. C. G. Abbot show some 
correlation between high solar constant values and high 
temperature at Washington. 

The second factor, viz, the horizontal transfer of heat 
from one point to another, finds its fullest application in 
the cold season when the air currents bring tropical air 
from the south and conversely when northerly currents 
bring pores air into lower latitudes. It is therefore 
through the agency of cyclones and anticyclones that 

eriods of pronounced heat and cold are brought about. 
n summer, however, while cyclones are associated with 
her temperatures around their eastern and southern 
fronts, it may be questioned whether that increase in 
temperature is directly due to the presence of the cyclone. 
An alternative view is that due to the cumulative effect of 
solar radiation from clear skies in areas remote from the 
sea, minus the loss of heat by nocturnal radiation, a heat 


balance is accumulated that is favorable to high maxima; 
for example, a cloud blanket at night may so diminish 
nocturnal radiation that the morning temperature may be 
several degrees higher than it was on the previous morn- 
ing and as a result the maximum is higher by that amount 
than on the previous day, with practically the same 
amount of solar radiation. 

An examination of the days during July, 1930, when 
maximum temperatures as reported telegraphically from 
the 200 and more weather stations in the United States 
and Canada reached and passed 100° clearly shows a high 
degree of correlation between the current high tempera- 
tures and the geographic center of the barometric depres- 
sion. 

It is not known for a certainty whether the high tem- 
perature is the cause of the low pressure or vice versa. 

One of the relations between the temperature and the 
immediate proximity of a cyclonic wind system about 
which there is no shadow of doubt is that when the 
sequence is cyclone-anticyclone-cyclone the higher tem- 
perature of the cyclone gives way to the lower temper- 
ature of the anticyclone; but when the sequence is cyclone- 
without the intervention of an anticyclone 
the result is high temperature for the season, the degree 
of warmth being conditioned upon the time that such a 
sequence prevails. 

his in short is the explanation of the visible mechan- 
ism whereby exceptionally high temperatures were pre- 
valent in various parts of the United States in July 1930. 
The heated spell as a whole may be referred to the passage 
of at least eight ill-defined low pressure areas along the 
Canadian border or a little north of it. 


NOTE ADDED AUGUST 18, 1930 


The sy > was prepared for the July issue of this 
REVIEW. ile the temperature on the Ist of August 
was slightly below the normal a,second heated spell, or 
perhaps a continuation of the first set in on August 2 
culminating in a maximum at Washington, D. C., of 102° 
on the 4th and 5th and again on the 9th. There were 5 
out of the first 10 days of August with maximum temper- 
atures of 100 or over and 7 days with maxima of 90° or 
more, The heated spell came to an end on August 10 
when the maximum temperature was but 89° and the 
mean temperature dropped below normal on the 11th and 
has diy wee below at the date of this writing (August 
18).—A. J. H. 

The foregoing presents merely the facts of pressure dis- 
tribution in the United States and Canada during the 
heated term. Owing to circumstances into which I need 
not enter at this time the complete data of monthly mean 
pressure for the world-wide network of meteorological 
stations in the Northern Hemisphere for several months 
prior to July of this year are not available and will not 
appear in printed form until, say 1938 or eight years hence, 
basing this statement on the fact that the most recent 
world-wide data are for the year 1922. Neither should it 
be assumed that if the more recent data were available 
the answer to the why and the wherefore of the heated 
term would be immediately forthcoming. : 

A true scientist does not demean himself or the science 
he represenis by admitting defeat in the solution of some 
of the problems he encounters. Meterologists have known 
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and studied cyclones and anticyclones for upward of 60 
years. Many things are known as to their movement 
ard the relation of that movement to the weather a few 
days in advance; but just how and why they come into 
being and follow this course or that course or quickly 
cease to exist is one of the unsolved problems of the 
meteorologist. When these pressure formations fail of 
development in the usual number, or when they lack in 
the essential characteristics of form, continuity, and speed 
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of travel high temperature and sometimes, but not always, 
widespread drought occurs; in other words ‘“‘stagnation”’ 
or the breakin , of the secondary circulation is the 
fundamental fact that furnishes the keynote to the 
abnormality. Why it should stagnate or break down we 
do not know. Reeder (this Review 47:711-715) associ- 
ates droughts and hot weather with the movement of 
cirrus clouds from the east, or in other words the currents 
in the cirrus level are reversed for the time being. 


NOTES, ABSTRACTS, AND REVIEWS 


Beitrag zur Langfrist-Wettervorhersage. By F. B. 
Groissmayr. Ann. Hydrogr. Berlin, 1928, pp. 287-293, 
310-317'—The main interest of this pair of papers is the 
influence of Charleston rainfall on world weather, and I 
have prepared a note which follows in criticism. The 
following are some of the coefficients which Professor 
Groissmayr gets with Charleston rainfall: +0.64 with 
Charleston rain next year, + 0.61 with the Nile two years 
later; —0.66 with Azores-Iceland pressure December to 
February two and one-half years later, in each case 
based on about 50 years of data. He also connects the 
autumn temperature of the Eastern United States with 
Argentine pressure in May preceding. 

ote on Charleston rainfall and its relation to world 
weather —In view of the surprisingly large coefficients 
obtained by Professor Groissmayr with a single rain 
gage at Charleston it seemed advisable to try whether 
the results would be equally shown by the rainfall indi- 
cated by the rain gages of the neighborhood. From the 
Summaries of Climatological Data by Sections ? I selected 
a number of such stations and correlated their rainfall 
with the Nile two years later as follows: Hatteras 0.42, 
Pinopolis 0.24, Savannah 0.36, Wilmington 0.40; further, 
the mean of the seven stations—Jacksonville, Savannah, 
Augusta, Southport, Wilmington, Charlotte, and Pinopo- 
lis gave the coefficient 0.42 with 50 years of data. It 
may be concluded, therefore, that the relationship 0.60 
with Charleston is fictitiously big. 

Another test may be applied by extending the data 
still further back and a graphical comparison of the 
period 1834-1870 does not show a particularly close 
relationship. 

It is also of interest to correlate with the Nile at inter- 
vals other than that of two years chosen by Professor 
Groissmayr. With Carolina rainfall and the Nile of the 
same year the coefficient is 0.20, with the Nile one year 
later 0.34, two years later 0.42, three years later 0.42, 
and four years later 0.28, so that there is a good deal of 
pocapeese probably due to slow changes common to 

oth factors. 

The above tests were made at the suggestion of Sir 
Gilbert Walker. 

E. W. Bliss. 


Maximum precipitation in short periods of time,’ by 
Charles D. Reed (Author’s Abstract)—Records of the 
greatest precipitation in short periods of time are ob- 
tained by the United States Weather Bureau with auto- 
matic recording rain gages for the purpose of assistin 
architects in planning the drainage of flat roofs an 
engineers in designing sewers and other drainage. 

he greatest rainfall in five minutes known to the 
Weather Bureau, in Iowa, is 0.80 inch at. Dubuque. 
Dubuque also holds the record for the greatest amount 


1 Reprinted from Meteorological Magazine, London, April, 1930. 
2? Washington. Bulletin W., 2d edition, 1926. _ 
+ Read before lowa Academy of Science, May 2, 1930, 


in 30 minutes and 2 hours, while Sioux City holds the 
record for 10 minutes, 15 minutes, and 1 hour. Records © 
for seven stations are available. The most frequent 
intensity at Des Moines for a 5-minute period is between 
0.30 and 0.40 inch. There are 14 years with such maxima 
out of 33. As the intensity of rainfall decreases the 
frequency increases. 

Meteorological Observations of the First Shackleton (Nim- 
rod) Expedition, by Dr. ward Kidson.—The first 
Shackleton Expedition, 1907-1909, established its base at 
Cape Royds on the west side of Ross Island. The geo- 

aphic coordinates of the position are approximately 
atitude 77° 34’ S., longitude 166° 9’ E. This position 
will be recognized as the gateway used by the British and 
also by Amundsen through which access to the South Pole - 
was sought. For one reason or another the meteorological 
observations made by this expedition were not promptly 

rinted. On the initiative of the Australian Nationel 
esearch Council, the Commonwealth Meteorologist, and 
others, steps were taken to print the observations; accord- 
ingly, a small committee was formed, which in conjunction 
with Doctor Kidson prepared the volume under review. 

Antarctica continues to be the goal of geographic 
exploration, notwithstanding the large amount of infor- 
mation thereon that has been accumulated since the 
bepanning of the twentieth century. 

he return of the American expedition of Admiral Byrd, 
as this note is being written, lends additional interest to the 
subject. The Ross Sea area in which the meteorological 
observations included in the work under review were 
made, is best known by the very comprehensive treat- 
ment of its meteorology by Dr. George C. Simpson, the 
meteorologist of the "Tat Scott Expedition and now 
Director of the British Meteorological Service.‘ 

In closing, I can do no better than to quote Doctor 
Kidson’s remarks on page 120 of the work.® 

General.—There is no portion of the earth comparable with the 
Antarctic in size of which our knowledge of the meteorolgy is so 
inadequate. Yet the interest attached to its weather processes is 
in many ways unique. Not only is it at one of the poles of the 
earth, but it is at the pole of that hemisphere in which meteoro- 
logical conditions are the simpler and which offers, perhaps, the 
best field for the study of the general circulation. it is obvious 
that we can get no complete picture of world meteorology so long 
as such a gap remains, and the conclusion is rapidly being forced 
upon meteorologists in all quarters of the globe that their local 
weather is a function of world conditions. From the few and 
scattered records available it is already clear that the differences 
between seasons are accentuated in the Antarctic. Consequently, 
if a long series of records from a few well-distributed stations were 
available much might be learned regarding the nature and causes of 
seasonal variations in the world generally. It is very much to be 
hoped that the scientific problems of the region will soon again be 
attacked by properly organized bodies with resources adequate for 
the purpose. And when this is done, one of the most important aims 
should be the establishment of permanent meteorolgical stations. 


‘ British Antarctic Expedition, 1910-1913. Meteorology, vol. 1, discussion by G. C. 
Baitigh Antarelie Expedition, 1807-1000, Reports the scientific investigations 
n ce Ex on, -1909. ntific inv 0 
Meteorology, by Ed Kidson, D. Sc., Melbourne, 1930, p. 120, : 
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The meteorology of the Antarctic, although some of the disturb- 
ing factors to be found elsewhere are wanting, is sure to be highly 
complicated and difficult to elucidate. I can see no grounds for 
believing, as many meteorologists and geographers appear to do, 
that a solution of world problems in meteorology would follow 
quickly from research in the Antarctic. It is unscientific, for 
instance, to promise that seasonal forecasting would be greatly 
simplified. It is thoroughly unsound, also, at the present state of 
our knowledge, to ascribe seasonal changes to the movements of 
Antarctic ice. An adequate account of the ice conditions in the 
region would be most difficult to procure. Furthermore, seasonal 
changes are of a world-wide nature, and the ice conditions are 
much more likely to be a result of them than an important factor in 
their cause. It is usual to call an area where seasonal variations 
are very marked a ‘‘center of action.’’ The term is a bad one, 
since it should imply that the region is one where original causes 
are especially active. What it really does imply is that effects are 
especially large or for other reasons easily measured there. The 
region may play a very passive part in the production of the condi- 
tions which it so clearly records. One would expect this to be the 
case with the Antarctic. When, however, we come to deal with 
long-period climatic changes, it is obvious that a study of the great 
polar caps is of the utmost importance, since they have so great an 
influence in deciding the use to which the solar radiation which 
reaches the earth is put. 


Copies of the publication are available on application 
to the Secretary of the Commonwealth Council . for 
Scientific and Industrial Research, 314 Albert Street, 
East Melbourne; or the Official Secretary, Australia 
‘London, at the price of 8 shillings.— 

Sea thermograph installed on “S. S. Munargo,’’ New 
York to South America.—Most interesting surface-tem- 

erature profiles of the Gulf Stream, Antilles Current, 

orth Equatorial Current, and South Equatorial Cur- 
rent are in prospect from the Negretti and Zambra sea 
water thermograph recently purchased by the Munson 
Line and installed by the United States Weather Bureau 
on the steamship Munargo. The Munargo sailed from 
New York June 14 for ports on the east coast of South 
America. After possibly a second trip, the Munargo will 
resume its regular route to Nassau, Wistaind: and Miami. 

The cooperation of the Munson Line in the general 
project of obtaining temperature records in the western 
Atlantic ® is largely due to the interest of Mr. J. A. 
Erickson, Assistant Manager, Ownership Operations. 
The installation was completed by Mr. Benjamin Parry, 
United States Weather Bureau, with the assistance of 
Chief Engineer Buckingham and his assistant Mr. Olson. 

Records of sea temperature are being obtained also on 
the Canadian National steamships y Drake and 
Lady Hawkins, with thermographs installed originally on 
the steamships Canadian Forester and Canadian Fisher, 
in 1927. These ships run from Halifax to Bermuda, St. 
Kitts, and various other places in the West Indies, finally 
reaching Demerara and returning to Halifax by the same 
route. The temperatures of the Gulf Stream, the Antilles 
Current, and the Equatorial Current are thus obtained. 
Dr. A. G. Huntsman, Biological Board of Canada, is the 
responsible scientist.—C. F. Brooks. : 

Broadcasting cosmic August 1, 1930, 
the broadcasting of cosmic data by Navy radio station 
NNA, Washington, began; the added to 
the usual weather report message transmitted to the 
French radio station FYL, Lafayette, at the time 19:00 
zone plus 5 (4 p. m. Eastern Standard Time) frequency 
16,060 kilocycles. 

_ The letters URSI is the distinguishing sign at the begin- 
ning of the cosmic message. URSI are the ititials of the 
Union Radio Scientifique Internationale (International 
Scientific Radio Union). Each class of data is coded 


‘Charles F. Brooks; The Gulf Stream; General Meterological Project. Mon 
Weather Review, March, 1930, 58:103-106. 
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eoparstely and preceded by an identifying word—SOL for 
solar constant, MAG for terrestrial magnetism, SUN for 
sun spots, AURO for auroras. The data are expressed 
in a number code in groups of five, similar to that used in 
the transmission of meteorological data. Plain English 
will be used when ampenoatinery,. phenom ena demand 
it. The message is signed SC SERVEC the cable 
address of Science Service. Further details may be had on 
application to Science Service, Twenty-first and B Streets, 
Washington, D. C.—A. J. H. 

Ice in the region of the Grand Banks, 1929.—The editor 
is in receipt of the annual report on International Ice 
Patrol in the North Atlantic.’ 

This bulletin contains a detailed report of the two 
Coast Guard vessels which alternate in 15-day shifts in 
the patrol. The outstanding feature of the 1929 season 
was its length and the very great amount of ice that 

revailed. During the last few days of July the patrol 

ad the very unusual experience of witnessing the melting 
of the southernmost bergs under visual observation due 
to the midsummer air and water temperatures and the 
apparent mixture of the surrounding northern waters 
with the Gulf Stream drift. 

Father José Alqué, S. J. (1856-1930).—Born at Barce- 
lona on December 28, 1856, José Algué began his studies 
at the Colegio de San ; ag and early came under the 
influence of the Rev. Don José Faura, brother of the 
founder and first director of the Observatory of Manila 
in the Philippine Islands. His interest took a scientific 
turn, including mathematics, physics, and chemistry, 
and in 1889 he was selected fe the superiors of the 
Compafiia de Jestis to collaborate in the work of the 
observatory. In 1891 he visited the United States to 
study astronomy and in 1893 he took an active part, on 
behalf of Spain and the Philippines, at the International 
Meteorological Congress which met at Chicago. After 
this Congress he returned to Spain, and thence proceeded 
to Manila as assistant director of the observatory under 
Father F. Faura. 

The year 1894 was remarkable for an extraordinary 
number of typhoons, and Father Algué immediately 
commenced the study which became his chief work. His 
first essay appeared in 1895, followed in 1897 by ‘‘ Baguios 
o ciclones filipinos” and “El Barociclonédmetro.” The 
same year, on the death of Father Faura, he became 
director of the observatory. In 1904 followed his famous 
monograph ‘“‘Cyclones of the Far East,” indispensable for 
all subsequent studies of the phenomena of tropical 
cyclones. This work was written in English but has been 
translated into several other languages. Other mete- 
orological work was not neglected, however; as early as 
1898 he published a paper on ‘‘ The clouds of the Philippine 


. Archipelago.” The network of stations and the mete- 


orological service of the Philippines was continually 
expanded, including the erection in 1907 of the high-level 
observatory of Mirador, at a height of 1,512 meters, and 
Father Algué was a regular attendant at the International 
Meteorological Conferences. In 1906 he was elected an 
honorary member of the Royal Meteorological Society, 
and he has made three contributions to the pages of the 
Quarterly Journal. In 1924 he again visited Europe 
to organize the Philippine exhibit at the Vatican mis- 
sionary exhibition of 1925, and then ill health made it 
impossible for him to return to Manila. He died at 
Roquetas on May 27, 1930.° 


7 United States t, Coast Guard Bulletin 18, International Ice 
Observations and Ice P: Ocean 


Service in the North Atlantic , Season of 1929. Govern- 
ment Printing Office, 1930. 
§ Reprinted from Meteorological Magazine, London, August, 1930, pp. 169-170, 
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C, Tauman, in Charge of Library 


RECENT ADDITIONS 


The following have been selected from erg 4 the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 


R. E. 

Don’t guess about the wind! [Salem.] n. d. [2 p. fold.] 
illus. 22 em. [Circular describing the Apthorp wind- 
meter.] 

Aurén, T. E. 


Illumination from sun and sky in the neighbourhood of Stock- 
holm in 1928. Stockholm. 1930. 24 illus. plates. 
31 em. (Medd. Stat. met.-hydrog. anst. Bd. 5. N : 4.) 

Commonwealth solar observatory. 

Memoir. Melbourne. 1928. no. 1. Luminosity of the 
night sky observed with a Rayleigh photometer at the 
Commonwealth solar observatory during the years 1926 
and 1927. Melbourne. May, 1928. 29p. figs. 31cm, 

Daniel Guggenheim fund for the promotion of aeronautics, inc. 

Daniel Guggenheim international safe aircraft competition. 
Final report. January 31, 1930. New York City. [1930.] 
147 p. illus. 28 cm. 

Equipment used in experiments to solve the problem of fog 
flying. A record of the instruments and experience of the 
fund’s full flight laboratory. New York City. 1930. 
57 p. illus. 23 cm. 

Defant, A. 

Dynamische Ozeanographie. Berlin. 1929. x, 222 p. figs. 
24 cm. (Einfiihrung in die Geophysik. III.) (Natur- 
wissenschaftliche Monographien und Lehrbiicher, herausge- 
der Schriftleitung der Naturwissenschaften.”’ 


Eichhorn, Gustav. 
Wetterfunk, Bildfunk, Television (drahtloses fernsehen). 
Leipzig. 1926. v, 82 p. illus. diagrs. 214 cm. 
Ekhart, Erwin. 
Eine neue Regenkarte der Erde. p. 57-64. fig. plates 
eer 27% em. (Petermanns geograph. Mitteil. 1930. 


Frisch, Karl. 

Zur Frage der Luftdruckperioden. Dorpat. 1927. 20 p. 
figs. 24cm. (Acta et comment. univ. Tartu. (Dorpat.) 
A XIII. 4.) 

Zur Frage der Zyklonenvertiefung. Tartu. 1930. 11 p. 
figs. 24 cm. (Acta et comment. univ. Tartu. (Dorpat.) 
A XVIII. 7.) 

Gray, George W. 

Electricity’s wild horses. p. 81-85. illus. 30cm. (World’s 
work. Aug., 1929.) 

Great Britain. Meteorological office. 

Marine observer’s handbook. 5th ed. for use from May 1, 
1930. London. 1930. 115 p. figs. plates (part fold.) 
24%em. (M. O. 218 (5th ed.)) 

Meteorology in relation to air pilo . London. 1930. 
p. 189-219, 243. illus. 21% em. (Repr.: chap. 11 of 
the “ Manual of air pilotage.’’) 

Hazen, Allen. 
Flood flows: a study of frequencies and magnitudes. New 


York. 1930. viii, 199 p. illus. maps. tables. diagrs. 
24 cm. 


Hong Kong. Royal observatory. 

Tracks of typhoons in the Far East during the year 1929. 

1 sheet. 51 cm. 
Hugershoff. 

Registrierender Ballon-Theodolit. Dresden. n. d. unp. 

illus. 21cm. 
Keller, Hermann. 

Wassergewinnung in heissen Laindern. Berlin. 1929. viii, 

172 p. illus. 24% cm. . 
Lee, John. 

Preliminary study on the application of polar front theory to 
the winter cyclones along the lower Yangtse Valley. an- 
king. 1930. 5lp. figs. 264¢cem. (Mem. Nat. res. inst. 
met. no. 2.) 

McCurdy, N. R. 

Pilot balloon observations at Mauritius from July, 1927—June, 
1928. Mauritius. n.d. 6p. plates. 2342 cm. (Misc. 
pub. Roy. Alfred. observ. no. 9.) 

Mathews, Edward B., & Nunn, Roscoe. 

Climate of Baltimore County. Baltimore. 1929. p.347-383. 
figs. plates (part fold.) 25% em. (Md. geol. & econ. 
survey. (Spec. pub.)) 

Meldau, H. 

Technische Navigation, Wetterkunde, Meerestrémungen. 
Unter Mitwirkung von F. U. Fischer, T. Georgi, und H. 
Maurer. 2te. Aufl. des Nachtrags. Bremen. 1929. 
198 p. figs. plates (fold.) 25 em. {Nachtrag zur 10. 
Auflage.) 

Méorikofer, W. 

Probleme der meteorologischen Strahlungsforschung. Bern. 
1929. 21 p. 23 cm. (Verhandl. Schweizer. naturforsch. 
Gesell. Davos. 1929. II. Teil.) 

Pollack, Hans. 

Uber die raumliche Entwicklung der Spat- und Frihréste in 
Norddeutschland in Abhangigkeit von der Wetterlage. 
Berlin. 1930. 66 p. figs. charts (fold.) 25 cm. 
(Inaug.—Dissert. Friedrich-Wilhelms-Univ. zu Berlin.) 

Portland cement association. 

Concreting in cold weather. n. p. n. d. 15 p._ illus. 

23 cm. 
Schubart, L. 

Das Ritsel der Wasserhosen. 12 p. illus. 24 em. (Der 
Pilote. H. 33. 1929.) 

Simpson, G. C. : 

Twentieth Kelvin lecture. ‘‘Lightning.” p. 1269-1282. 
figs. plate. 28 cm. (Repr.: Journ. inst. elec. engin. 
v. 67, no. 395. Nov., 1929.) 

Leslie. 


Text book on aviation. The cadet system of ground-school 
training. f{rev. ed.] 4 v. San Francisco. fe1930.] figs. 
illus. 29cm. [Note: vol. 4. Meteorology.] 

U. S. Agriculture Department. 

Relation of forestry to the control of floods in the Mississippi 
Valley. Message from the President of the United States 
transmitting communications from the Secretary of Agri- 
culture submitting reports with reference to the relation of 
forestry to the control of floods in the Mississippi Valley. 
Washington. 1929. vii, 740 p. figs. plates. 23% cm. 
(70th Cong. 2d sess. Doc. no. 573.) 

Walker, Gilbert. 

Meteorology in application. p. 21-28. figs. 24 cm. (So. 
Afr. journ. sci. v. 26, Dec., 1929.) 

Westinghouse electric and manufacturing co. 

discoveries, and control. East 

ittsburgh. n.d. 20p. illus. 27 em, 
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SOLAR OBSERVATIONS 
SOLAR AND SKY RADIATION MEASUREMENTS DURING Tasiz 1.—Solar radiation intensities during July, 1930—Contd. 


JULY, 1930 
By Irvine F. 


For reference to descriptions of instruments and expos- 
ures, and an account of the method of obtaining and reduc- 
ing the measurements, the reader is referred to this 
volume of the Revirw, page 26. 

Table 1 shows that solar radiation intensities averaged 
higher than the normal intensity for July at Washington 
and Madison, and close to normal at Lincoln. 

Table 2 shows an excess in the total radiation received 
on a horizontal surface at Washington, Madison, Lincoln; 
and New York, and a deficiency at Chicago, Fresno, 
and La Jolla for the month. Through the courtesy of 
Dr. O. J. Sieplein, director of the Belle Isle Observatory 
of the University of Miami, Fla., records of the total 
solar and sky radiation are added to the list of similar 
measurements published in Table 2. The instrumental 
equipment in use at this station consists of a Callendar 
recorder, together with a Callendar receiver having a 
quartz hemispherical cover. The latitude of the station 
is 25° 45’ N. and the longitude 80° 08’ W. The altitude 
of the receiver is close to sea level. 

Skylight polarization measurements obtained on four 
days at Washington give a mean of 51 per cent and a 
maximum of 60 per cent on the 8th. At Madison meas- 
urements obtained on nine days give a mean of 61 per 
cent with a maximum of 68 per cent on the 30th. These 
are close to the corresponding averages for July at both 
stations. 


TaBLE 1.—Solar radiation intensities during July, 1930 
[Gram-calories per minute per square centimeter of normal surface] 
Washington, D. C. 


Sun’s zenith distance 
|8 a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
mer. 
solar 
time A.M. P.M time 
e 6.0 | 4.0 | 3.0 | 20 1110] 20 | 30 | 40 | 5.0 e. 
mm. | cal. | cal. | cal. | cal. - | eal. | cal. | cal. | cal. | mm. 
July 7. 16. 79 1.01 10. 97 
11. 0.90} 1.05) 1.15} 11.81 
July 25 15. 11 0.65) 0.84) 1.1 13. 13 
July 28 20. 57 0.77 | 18. 59 
July 30. 9. 47 1. 1.10} 0.88) 0.72 7. 87 
Means......-. (0. 90)|(0. 0.91) 1. 33/(1. 10)| (0. 88 hy 72) 
Departures... +0, +0. 0. 0. 04 
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Madison, Wis. 
Sun’s zenith distance 
\8 a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7 | Noon 
Date 75th Air mass Local 
mer mean 
lar 
time A.M. P. M. time 
e 5.0 | 40 | 3.0 | 2.0 |110] 20 | 30} 40 | 5.0 | 
mm.| cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal cal. | mm. 
7.87| 0.89} 0.97) 1.10) 7.87 
8.18} 0.73) 0.85} 0.99} 1.12) 8.18 
July 30 10. 59) 9. 47 
0.81)} 0.91) 105) 1.12) 
+0, 13/+-0, 14/-+0. 06/+-0. 
Lincoln, 
6. 16. 0. 68 0. 84 
1... 0.73; 0.89 
8. 0.79| 0.91 
Means... 0.77) 0. 
01/+0. 01 
i Extrapolated. 


TaBLE 2.—Total solar radiation (direct+ diffuse) 


horizontal surface 


(Gram-calories per square centimeter] 


received on a 


Average daily totals 
~ 15183 a 
o 
1 
2... 523 | 649 392 | 467 (557 |570 645 310 | 432 
561 | 538 | 609 380 | 404 538 |\547 650 525 | 511 
461 | 525 | 576 436 | 383 /482 607 |___. 702 501 2 
SUEY Biiwincnckes 558 | 556 424 | 376 528 649 |____ 713 518 | 574 
Departures from weekly normals 
+ —9 | +65 —72 —54| —176 |.... 
+74 | +7 +36 —32 | —3 —45 +10 |.... 
+14; +5 +16 | —16 1 |j.... 
+29 | +62 | +16 +12 | —20 +15 +5 |.-..- 
Accumulated 
departures on 
+1, 631 |—406 |+133 |+1, 883 |—175 590 |—2, 261 


. 
ta 
’ 
. 
. | 
i 
: 
} 
= 
= 
{ 
_ 
| 
iz 
i 
| 
| 


298 MONTHLY WEATHER REVIEW JuLy, 1930 


POSITIONS AND AREAS OF SUN SPOTS, JULY, 1930 Positions and areas of sun spots, July, 1930—Continued 


nicated by Capt. J. F. Hellweg, Superintendent United States Naval Observa- 
by Naval Observatory, in cooperation with Harvard, Yerkes Heliographie Area | Total 
Perkins, and Mount Wilson Observatories. The differences of longitude are measur. —— , aca 
from central meridian, positive west. The north latitudes are plus. Areas are corrected Date stand- a 
for foreshortening and are expressed in millionths of sun’s visible rye aeere The ard civil Diff, | Longi-| Lati- enah 
total area, including spots and groups, is given for each day in the last column] time long. | tude | tude Spot | Group day 
Heliographic Area Total 1930 hom 
area 
Date for’ July 25 (Naval Observatory) _____ 11 10 |—66.5 | 239.7 
ti civil | Diff. | Longi-| Lati- Spot |Group| | 282.2 
me jong. | tude | tude | °P° Pl day 26 (Naval Observatory) 10 48 5 238.7 
July 27 (Naval Observatory)... 10 28 62 0 | 2181 
10 | 18 July 28 (Naval Observatory)... 10 50 |—47.5 | 219.2 
+1.0 | 265.3 |4+13.0 |______ 31 55 —28.5 | 238.2 
July 2 (Naval Observatory) - 11 1 178.6) 4+7.0| 31 —9.5 | 257.2 
—63.5 | 187.1 | —6.5 |.....- | 
29 CNaval Observatory)... 10 48 |—33.5 | 220.0 
July 3 (Naval Observatory) - 11 1 175.4 | +7.5 46 
46 +28. 5 | 282.0 
0 | ‘July 30 (Naval Observatory)... 10 47| —1.0| 239.3 
July 4 (Naval Observatory) 10 35 rae 70.4 +84 28 July 31 (Naval Observatory) ll ll 
July 5 (Naval Observatory) 11 10 |—85.0| 175.8 Mean daily area for - 
July 6 (Naval Observatory) ll —21.0 176. 4 
July 7 (Naval Observatory)... 10 47 40.0 124 6 PROVISIONAL SUN-SPOT RELATIVE NUMBERS, JULY, 1930 
ret 6 (Data furnished through the courtesy of Prof. W. Brunner, University of Zurich, 
July 8 (Naval Observatory)... _- 11 33 |+18.5 | 189.4 2B tzerland) 
July 9 (Naval Observatory) 10 42 
Observatory) ..___ ban ‘ Relative Relative Relative 
July 10 (Naval vatory) 10 45 ons July, 1930 | numbers July, 1930 July, 1930 
July 11 (Naval Observatory) ll 54 
July 15 (Naval Observatory) 10 53 |-120| 66.7 28 || 24 || ald 
7007 26 || 25 || 15 
July 16 (Naval Observatory) 10 34 
July 17 (Naval Observatory)... 10 33 |4+21.0| 73.4 6.------.- 28 || 16-------- a 24 | 16 
July 18 (Naval Observatory) -___- 10 53 |4+36.5 | 75.5 18 
July 19 (Naval Observatory) _.-..| 10 46 /+51.0| 76.58 34 
July 20 (Naval Obset vatory) 10 46 9 We 39 19 8 29 33 
July 21 (Naval Observatory) 10 49 |—76.5 | 282.8 10 
—66.0 | 293.3 
| 307.6 
July 23 (Naval Observatory)... 19 |-61-5 271. Mean (30 days) =22.0. 
—40.0 | 292.6 4 1 Dependent alone on observations at Zurich and its station at Arosa. 
July 24 (Naval Observatory) ----- 10 17 |—80.0 | 239.6 | +2.5 ot EE ee a= Passage of an average-sized group through the central meridian. 
—50.0 | 269.6 |—13.0 3 Ee Ce c= New formation of a large or average-sized center of activity: E, on the eastern part 
—37.5 | 282.1) +2.5 _ fs ee 120 of the sun’s disk; W, on the western part; M, in the central zone. 
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AEROLOGICAL OBSERVATIONS 
By Ricumonp T. Zocu 


Free-air temperatures were above normal at all stations 
excepting Groesbeck. At most levels the departures 
were large. (See Table 1.) 


Free-air relative humidities were below normal at . 


nearly all of the levels at all of the aerological stations. 
Free-air vapor pressures were also below normal at most 
of the levels at all the stations. Although the vapor pres- 
sures were also below normal at most of the levels at all 
the stations. The total precipitation for the month was 
considerably above normal at Due West and Royal 
Center. At the other stations the total precipitation for 
the month was below normal. 

A comparison of Table 1 with Table 2 brings out the 
effect of nearby bodies of water on the free air tempera- 
tures and relative humidites. The effect is large in the 
lower levels but small in the higher levels. 

Free-air resultant winds were mostly westerly in the 
lower levels. At the 1,500 meter level and above they 
were mostly northwesterly. In general it may be said 
that the resultant wind velocities were greater than for 
previous months of July and that the southerly compo- 
nent was less pronounced than in previous months of July. 


TaBLE 1.—Free-air temperatures, relative humidities, and vapor 
pressures during July, 1930 


TEMPERATURE (° C.) 


Broken Ar- | Due West, Ellendale, Groesbeck, |Royal Center, 
row, Okla. 8.C. N. Dak. Tex. Ind. 
(233 meters) | (217 meters) | (444 meters) | (141 meters) | (225 meters) 
Altitude 
(meters) De- De- De- De- De- 
tare Eire bare 
Mean from Mean from Mean fram Mean from Mean from 
nor- nor- nor- nor- nor- 
mal mal mal mal mal 
Surface... 26.9} +0.3 | 27.4) 40.5) 23.4) 42.4] 24.5) 258) +0.9 
26.8) +1.9| 25.4) 41.2] 23.2) +2.6/ 23.7) 23.6) 41.5 
24.3) +2.1 22.5 +1.5] 21.0/ 43.0] 220) 205] +19 
20.6) +14) 187/411 18.3 | +2.7/ 19.0) —0.1 16.9} +15 
17.1 | +0.9| 15.2] +0.9] 15.6] 42.7) 15.7] -0.7) 141] +16 
2,500. ....... 13.8 | 40.7] 11.7) 40.6] 121} 421/ 124} 114] +16 
10.5 | +0.6 8.3 | +0.2 8.6 | +15 92) 
4.2) +0.1 1.1) -12 1.9] 40.5 4.4) —0.2 zt +2.6 
RG. [$0.8 0.1} +48 


TaBLE 1.—Free-air temperatures, relative humidities, and vapor 
pressures during July, 1930—Continued 


RELATIVE HUMIDITY (%) 


Broken Ar- | Due West, Ellendale, Groesbeck, |Royal Center, 
row, Okla. 8. C. N. Dak. Tex. Ind. 
(233 meters) | (217 meters) | (444 meters) | (141 meters) | (225 meters) 
Altitude 

(meters) De- De- De- De- De- 

m.s. 1. Par. Par: par. 

ure ure ure 

Mean from Mean from Mean from Mean from Mean frean 

nor- nor- nor- nor- nor- 

mal mal mal mal mal 
Surface 62 66 58; —ll 79 -H4 54 
55 64 58 —10 75 —2 55 -9 
52 63 -—7 53 -9 58 -9 55 —12 
53 -9 65 50 -8 57 —5 56 —10 
ee 53 —6 66 —6 46 -9Y 59 0 52 —10 
48 | —10 69 -3 45 —8 62 +4 46 —10 
47; 68 —3 44 58 +1 41 -9 
46 | —12 90 +22 42 —8 —12 31 —10 

VAPOR PRESSURE (mb.) 

Surface --___ 21.63 |—2. 40 | 23.55 |+0.33 | 16. —0.48 | 24.40 |—1.23 | 17.66 | —1.83 
eyeblink? 19.21 |—1. 74 | 20.36 |—0.02 | 16.49 |—0.05 | 21.77 |—0.71 | 15.81 | —1.20 
1,000. _.._-- 15. 90 |—1. 13 | 15.69 |—1.15 | 13.07 |+0. 23 | 15.16 |—1.85 | 13.14 | ~1. 23 
1, 500__.__..| 13.05 |—0. 79 | 13.04 |—1.10 | 10.34 |+-0.05 | 12.54 |—0.95 | 10.96 | —0. 59 
SO... 11.00 |+0.04 | 10.73 |—0.84 | 7. —0. 35 | 10.60 |—0.37 | 8.49 | —0.36 
2, 800....... 7.53 |—1.27 | 8.91 |—0.42 | 6.02 |—0.69| 9.31 .28 | 6.69 | +0. 20 
6.04 |—-1.14| 7.74 |+0.08 | 4.36 |—1.04 | 7.55 |—0.06 | 5.16 | +0.29 
4.14 |—0.68 | 5.94 |+0.96 | 2.20 |—-1.51 | 4.64 3.25) +0.43 


TABLE 2.—Free-air data sage naval air stations during July, 
1 


TEMPERATURE (°C.) RELATIVE HUMIDITY (%) 


0g Ig — Pensa-| San | Seat- | Wash- — Pensa-| San | Seat- | Wash- 


m. 
. cola, | Diego,| tle, jington, cola, | Diego, ,. jington, 
Roads, | ‘Fla. | Calif. | Wash.| D. C.'| Reads, | ‘Fig’ | Calit.’| Wash. D. C. 
Surface...| 26.3] 28.3] 2.3] 181| 2.0) 85| 68| 66 
23.7 | 24.3; 20.9] 14.1] 22.6 64 79 67 70 62 
1, 000-_ -..- 21.5] 22.8) 240) 118) 20.8 54 70 38 74 56 
2, 000_ 14.6 | 16.7 | 20.7 8.9) 15.0 62 67 26 52 53 
3, 85| 10.5] 49| 93| 6] 68| 30) 40 


TABLE 3.—Free-air resultant winds (meters per second) based on pilot-balloon observations made near 7 a. m. (E. S. T.) during July, 1980 


Broken Arrow, || Burlington, Chavean. Due West, Ellendale, Groesbeck, Havre, Mont Jacksonville, Key West, || Los Angeles, 
Okla. Vt. yo. 8. C. N. Dak. Tex. (762 meters). Fila. Fla. Calif. 
Altitude (233 meters) (132 meters) || (1,873 meters) || (217 meters) (444 meters) (141 meters) (65 meters) (11 meters) (145 meters) 
m. s. 1 
Br af Ve- Ve- Ve- Ve- Ve- Ve- Ve- Ve- Ve- Ve- 
Direc- Direc- Direc- Direc- Direc- Direc- Direc- Direc- Direc- Direc- 
loc- loc- loc- loc- loc- loe- loc- loc- loc- loe- 
tion ity tion ity tion ity tion ity tion ity tion ity tion ity tion ity tion ity tion ity 
34 W | 7.3 || S 47 W 3.7 N 67 W 4.6 || S 42 W 8.6 |S 69 E/5.0||N86E! Lo 
44 W | 8.0 || N 80 W | 3.9 N 55W 8W 722W/13)S8S 6W/5.8)S 61 5.1) N84 
45 W | 4.6 || N 67 W 5.3 N 8 62 £145!) N67W! 15 
60 W | 2.4 || N N 82W 3.8] 11 N79W/3.8/)S 6W/2.7//8 6 2.7 
69 W N75W/8.7|8 N 68 W/3.8 N 59W 7.4! 8S 27 N87W/5.4)S 8S 64 8 3.2 
65 W | 2.3) 56W 13.7) || 29 8 59 3.6 
47 E|0.6 N72W/9.6]'S 8W/23 N 62W/4.0/| N 71 W 38 80W 10.1 /S 10W/1.9]/S 5E/3.3//8 17W/ 3.2 
88 E | 1.6 ....-|] N 79W | 40 || N59 W | 3.8 N 70 W |12.6) S 48W/3.6)'S 81 W 1132.5 |S 80 3.6 


otal | 
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for 
ach 
jay 
— 
“93 
34 
103 
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TaBLe 3.—Free-air resultant winds (meters per second) based on oitbalicdn observations made near 7 a. m. (E. S. T.) during July, 1930— 
ontinued 
Medford, Memphis, New Orleans, Royal Center, t Lake San Francisco, Sault Ste. Seattle, Wash. Washi n, 
Oreg. Tenn. ; weeny Ind. City, Utah Calif. Marie, Mich. || Seattle, Was D.C. 
Altitude (410 meters) (145 meters) (25 meters) (225 meters) || (1,294 meters) (8 meters) (198 meters) (10 meters) 
— 

Direc- Diree- Diree- Diree- Direc- Direc- || Diree- Direc- | 450. TOC> | 

- loc- loe- loc- loc- loc loe oc oc oe 

tion tion ity tion ity tion | ity | tion | ity tion | ity tion | ity tion | ity tion | ity |} ton | ity 

° ° ° ° ° 
8 26W/461 8 63 W | 3.2 8 N 56 W 3218 4.2 
OS I N 75W/67)N56W/ 5.7) 20 E | 5.7 N 47 E | 0.7 || N 62 W | 7.6 || N 25W /1.0]| N 58 W 6.6 
E/11//8 87 1.0 N 2 E/ 09 -N 60W | 7.9 
8 69 E/211S8 89W {4.4 || N 51 W {87 || S 22 W | 3.1 N 60 W /|10.0||}S 80 
8S 74E/2518 8 48 W | N 57 W 10.6 || 8 33 W | 2.9 || N 64W) 85 
8 70 N75 W | 6.2 N 83 W || S 42 W | 3.9 N 53 W |} S 49W | 5.1 || N 65 W 9.7 
| N 55 W | 3.5 || N 78 E | 3.41) N 75 W | 7.4 || N 54 W 


TABLE 4.—Observations by means of kites, captive and limited-height 
sounding balloons during July, 1930 


Broken) Due | Ellen- | Groes- | Royal 
Arrow,| West, | dale, | beck, | Center, 
Okla. | N.Dak}| Tex. | Ind. 
Mean altitudes (meters), m. s. 1., reached 
3,058 | 2,592 3,074 | 2,226 3, 347 
Maximum altitude (meters), m.s.1., reached 
16,397 | 24,585 34,939 |44,029 | 57,171 
Number of flights made-_.................... 31 29 32 25 28 
Number of days on which flights were made__ 30 29 29 25 27 
130th. 211th. 3 25th. 4 28rd. 53d. 


In addition to the above there were approximately 125 pilot balloon observations made 
daily at 53 Weather Bureau stations in the United States. 


WEATHER IN THE UNITED STATES 


THE WEATHER ELEMENTS 
By H. C. Hunter 


GENERAL SUMMARY 


July was one of the hottest months in the history of 
the Weather Bureau, also one of the driest summer months 
Only smail portions of the country had either more rain 
or lower average temperature than the mean of other 
Julys. The dryness was intense mainly in those east- 
central and south-central districts which were sorely in 
need of moisture when the month began, but other dis- 
tricts, especially to northward and westward, received 
very little rainfall in July. The heat was felt widely for 
considerable periods of time, and high marks occurred at 
great numbers of stations. In the Missouri Valley every 
first-order station recorded 100° or higher; in the upper 
Mississippi Valley, 9 out of 15; in the Ohio Valley and 
Tennessee, 14 out of 16; in the east Gulf area, 9 out of 
12; and in the Middle Atlantic States, 11 out of 18. 


TEMPERATURE 


The first half was mainly warmer than normal, save in 
the Lake region and the Northeastern States and in por- 
tions of the Southwest. Unusual heat prevailed in the 
Plains and the northern Rocky Mountain region, also 
after the 5th in the central valleys and most of the South- 
east. 

‘The final half was a period of record-breaking heat in 
many northern and middle portions east of the Rocky 
Mountains, but in the southern portion and the far West 
the temperatures usually averaged about normal. 

For July as a whole the temperature averaged above 
normal in nearly all sections, only five States of the far 


West, in addition to New York and New England, finding 
the month of but normal temperature or s ight lower. 
Generally from the interior portions of the Middle and 
East. Gulf States northwestward to the middle and 
northern Plains the month averaged 4° to 7° hotter than 
normal. It was among the hottest ever recorded from 
the northern and middle Plains southeastward to the 
southern Middle Atlantic States and the South Atlantic 
and East Gulf States, though stations close to the sea- 
coast usually found it from 1° to 4° less hot than the 
hottest month of previous record. 

At Little Rock, Ark., the month was 1.4° hotter than 
any previous month in a 50-year record; at Tampa, Fla., 
the month was 0.5° hotter than any previous Tate in a 
40-year record, though failing to otal August, 1924; at 
Chattanooga, Tenn., the month was warmer than any 
August or any previous July in a record of 51 years, 
though not quite so hot as September, 1925; and at 
Atlantic City, N. J., the month was exceeded by but two 
months in a record of 56 years. At Washington, 

. C., the month was the hottest in almost 60 years, save 
July, 1872, which slightly exceeded it, and Julys of 1876 
rr: f 1887, which practically equaled it. Numerous places 
“he records for 20 to 40 years found no other month so 

ot. 

From Pennsylvania northeastward and in the Lake 
region the July average was not extraordinary, and this 
was the case over much of the Southwest and the far 
West, save near the southern California coast. 

Remarkably high temperatures were experienced dur- 
ing several periods of the month. The highest marks in 
portions of the northern Plains and in much of the South- 
east occurred about the 12th. In the southern portion 
of the Lake region, the Middle Atlantic States and much 
of the Ohio Valley the top marks were noted about the 
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20th. The last week of July brought the highest readings 
to most of the middle Plains and the rm valleys. 

About 10 stations, with records exceeding 50 years, 
attained new high temperature records during the month, 
and a large number of places with shorter records. 

Passing to sections where the temperatures were not so 
noteworthy, it is found that the Northeast and the 
northern portion of the Lake region scored their highest 
marks of the month about the 19th to 21st, but the far 
Western States on various dates. 

The lowest readings of July occurred early in the month 
at very many stations, particularly in the Southwest and 
the Southeast, but about the 14th to 17th at most places 
from the middle and northern Plains eastward to the 
Atlantic coast. 


PRECIPITATION 


The rainfall was poorly distributed over the country 
and such amounts as did fall were not well distributed 
through the month. The country as a whole has seldom 
received less rain in a summer month. 

The first half of the month usually was not marked b 
so scanty rainfall as the second half, and of the first half 
the opening week was generally the time of more plentiful 
rains. However, the latter half brought as much rain 
as the first half, or even more, to some portions of the 
Plains and the far Southwest, and notably to most of the 
East Gulf and South Atlantic States. From Alabama 
and northern Florida to South Carolina there usually 
were liberal rains about the 17th, and again during the 
period from the 23d to the 29th. A 

The aggregate July rainfall was less than normal in all 
sections of the country except some small areas along the 
Atlantic coast or in the Lake region, and from Wyoming 
and southeastern Idaho southward to the central parts 
of Arizona and New Mexico. Portions of this last-named 
region received more than twice as much rain as the 
average quantities of previous July records. 

In the many regions where the rainfall was less than 
normal, several stand out as having but a small percentage 
of the normal. Of the east-central, central, south-central, 
and southwestern sections large portions measured only 
from 25 to 50 per cent of the normal, while a number of 
areas in the central and lower Mississippi Valley and the 
Red River Valley received less than 5 per cent. Prac- 
tically all of the Pacific States received no precipitation 
at all during the month, but a great part of this area 
normally is without rain in July. 

Considering those districts which had entered July 
with severe need of rains, it is found that the scarcity 
of rainfall during July was very marked over the Ohio 
and the middle and lower Mississippi Valleys, also over 
much of eastern and north-central Texas and most of 
the Dakotas and western Minnesota. Likewise the 
interior area of the Middle Atlantic States from central 
Pennsylvania southward continued exceedingly dry. 

Marked shortages occurred in July in many districts 
which came to the end of June with moderate or ample 
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soil moisture, namely—southern Michigan and adjacent 
rtions of Ohio and Indiana, practically all parts of 
issouri, Illinois, Iowa, and Minnesota which had fared 
well before July, western and northern Wisconsin, and 
the central plains. 

Over a considerable portion of the drought-stricken 
area there had been scanty precipitation during all 
months or almost all since 1930 began, or even from the 
late months of 1929. This had resulted in deficient sup- 
plies of ground water and in scanty stream flow. 

The most severe drought conditions in the normally 
wetter part of the country were to be found in a very 
large portion of the Ohio River drainage area and in 
most of the area within 150 miles of the pene course of 
the Mississippi River. Here both June and July failed 
to bring as much as half of the normal rainfall; and in 
large portions of the areas specified the situation was 
considerably worse than even this implies. Less than one- 
third of the combined normal amount for June and July 
was received in southern Illinois, southeastern Missouri, 
western Tennessee, northeastern, central, and southern 
Arkansas, northern and central! Mississippi, northern and 
southwestern Louisiana, and much of eastern Texas. 

Among well-known stations of the afflicted area, these 
cases are cited: Cairo, Ill., received in June and July 
together but 1.63 inches; Memphis, Tenn., 0.33 inch; 
Little Rock, Ark., 0.13 inch; Vicksburg, Miss., 0.71 inch; 
Shreveport, La., 0.97 inch; and Galveston, Tex., 0.32 inch. 


SUNSHINE AND RELATIVE HUMIDITY 


The month brought considerably more clear weather 
than usual over a great portion of the country. The 
amount of sunshine was particularly large in the Ohio 
and Mississippi Valleys and the Plains States, but was 
somewhat greater than usual in July in substantially 
all of the Atlantic States. 

The relative humidity, as generally happens, was 
deficient in most States where the sunshine was more 
than usual, so that nearly the entire country showed a 
lower percentage of humidity than the average of pre- 
vious Julys. From the upper Ohio Valley and the 
southern Appalachian region westward and northwest- 
ward to the western plains the deficiency was 15 per 
cent or more and in parts of the central valleys and the 
Ozark region the deficiencies were more than 20 per cent. 

The month showed somewhat greater relative humidity 
than normal over most of the southern Rocky Mountain 
and Plateau regions, and likewise in northeastern New 
York and northern New England. 

The remarkably low humidity in the area where tem- 
peratures were so high made the situation worse for 
crops than it would otherwise have been; and the loss 
of moisture severely affected crops in all but the very 
few small areas where substantial 2 i occurred to pro- 
vide new supplies of moisture to plants. However, for 
men and animals the low humidity made the suffering 
from heat less intense. 
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SEVERE LOCAL STORMS, JULY, 1930 


[The table herewith contains such data as have been received concerning severe local storms that 


occurred 
Annual Report of the Chief of Bureau] 


1930 


during the month. A more complete statement will appear in the 


Width | Loss| Value of 
Place Date Time | ofpath, | of peeeety Character of storm Remarks Authority 
yards! | life iestroyed 
Devol, 1 | 7:15a.m_ 300 j.-...- 92,600} Winds... .. 5205. Property, other than crops, damaged; 1 person | Official, U. 8S. Weather 
injured; path 400 yards long. Bureau. 
N. Mex., and vicin- 1 |1-3p.m_-| 1-3 mi. 12,000 | — auto tops, and crops severely 
amagi 
Bailes vile, Kans. (near) --. Roofs pierced; trees stripped; path 4 miles long-- Do. 
Grundy County, 5 | 3a. of damage not reported; path 5 miles Do. 
Linn County, Iowa----.--- 5 | 4a. m_.... 880 |..-..- 1,500 | Hail and No details reported; path 4 miles long._......... Do. 
Mahaska Iowa___- 1,000 | No details path 1.5 miles Tong Do. 
Birdsboro, Pa.......------- wind, and | 1 blown down, several damaged; grain Do. 
ail. ured 
Mifflintown, Pa. (near) 6 | 5-5:30 10, 000 wind | Trees uprooted; 2 barns Do. 
an il. 
Marion County, Kans. 6 | 5:30 p. m.. Smith Lic: 77000 | SieBAi...........- Chief damage to crops; path 4 miles long--_-.--- Do. 
(near) 
Ulster and Coun- 6 | 6p. 1, 760 10, 000 Much damage to fruits and Do. 
ti 
Ind., and vi- Thunderstorm, | Power lines damaged; basements flooded, shade Do. 
wind, an trees broken; 1 barn destroyed, crops injured. 
Counties, Pa 
Frazier. Miles City, and 17,000 | Hail and wind....| Crops damaged; telephone poles blown down- --- Do. 
— to Brockton, 
ont 
Santa Rosa, N. Mex. (near). 8 | P. 33 ¥76 killed... 65232. Do. 
trees, and plate glass windows. 
Md., and vi- 9 | ll p. m___- 8 mi. }|.----- Halk. damage to corn and tomatoes; path 12 Do. 
miles long 
Johnson, 150, 000 Character 6 of damage not reported. Do. 
Sampson, and Wayne 
Counties, N 
Morristown, N. Y --.------ 3 mi. 37,000 |..--- All crops hurt; some damage to buildings. Do. 
10 | la. m_..-- An destroyed on some farms; path 6 miles Do. 
cinity. 
Nashville, SS | 5,000 |----- oki, A glider and plane partially wrecked; 400 tele- Do. 
phones out of commission. 
Neillsville, Wis. (near) 5,000 | Severe squall___-_-. Two silos and other farm buildings Do. 
Lovell Field, McCallie 33) 529390 - 4. Trees and wires blown down; roof of Do. 
Lake, Alton Park and partially blown off. 
St. Elmo, Tenn. 
Greene Coun- 10,000 On. Crops, buildings, and wires damaged Do. 
ties, Ind. 
East Hartford, Conn_---_--- ii j...........nisaiag bitoet. oed Wind, hail, and | Heavy damage to tobacco; traffic temporarily | Hartford Times (Conn.), 
rain. halted; streets flooded. ( ) 
Evansville, 1,000 | Tornado- - 1 house moved from Official, U. 8S. Weather 
garage wrecked; trees uprooted Bureau. 
Nashville, Tenn..........-. 13 | 1:08 a. m_.|........- Guar 3,500 | Thunderstorm | Large electric completely wrecked; trees Do. 
and wind. and billboards ioe own. 
idge, 17 | 34 p. m_.. 2, 640 40,000 | Severe damage to Do. 
Chamberland’ and Kim- 19 | 3020 pM. - a 31,000 | Hail and wind....| Buildings destroyed or damaged; crops ruined; Do. 
ball, 8. ‘> greatest damage in Kimball. 
Marathon, Portage and 20 4.30] “Sil beatles Biediots: 15, 500 Tornado and thun-| 3 barns wrecked; other buildings damaged; Do. 
Waupaca Counties, Wis. derstorm. minor crop injury; tornado near Dancy. 
Lincoln, 2, 000 Several farm buildings damaged; trees uprooted; Do, 
asenewe poles blown down; small hangar 
Delaware County, Iowa ____ og ae aries ee 8,200 | Tornado and wind — of damage not reported; path 2 miles Do. 
ong. 
Tama County, 8, 000 wind, | No details reported. Do. 
and hail. 
McCook, - Wind and hail....| Hangar demolished and 6 planes wrecked; several Do. 
p. m. pare om damaged; many trees uprooted; corn 
trees and gardens fi pple 
Allentown, 94 20,000 | Electrical and| Many buildings Do. 
wind. 
Sidney, Ohio (near). LO. Electrical and | 2 barns burned; some damage to other property_- Do. 
tor- 
nado. 
to Seaside Park, 75, 000 Tornado. Heavy property chiefly at Seaside Park - Do. 
Bucks, Montgom- | 200,000 | Wind, hail, and | Property of all kinds badly Do. 
ery, and Northampton ical. 
Counties, Pa. 
Ten... 22 | 5p. m....- 100 | Small buildings wrecked Do. 
Burlington to New Bruns- | Ns: eRe 2 200,000 | Thunderstorm | Heavy property damage over path about 37 Do. 
wick, N. J. and wind. miles long. 
horses killed. 
Shawano Oconto Coun- 20, 000 Windows broken; poultry killed, crops beaten Do. 
ties, W 
New Danville, Pa., and 60,000 | Property of various kinds Do. 


vicinity. 


1“ Mi.” signifies miles instead of yards. 
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Severe local storms, July, 1930—Continued 
ne 
Width | Loss| Value of = 
= Place Date Time | of path, | of property Character of storm Remarks Authority eS 
yar life estroyed i 
Pena Blanca, N. Mex...--- 24 | 1, 760 $10,000 | Cloudburst... 12 homes demolished; land covered with sand...| Official, U. 8. Weather 
Rockland and Arbon Val- 25 | 3-4p.m__| 2-3 mi. 
= P p. m 50,000 | Large wheat fields completely Do. 
Macon, Ga....2.-...-.----- 25 | 3:33 p, m..|..-- Thunderstorm, | Trees uprooted; telephone poles blown down; Do. mE 
wind, and rain. = overturned. me damage by = 
Benton and Buchanan 25 | 6p. 73,000 | Wind and not reported Do. 
26 | 9:30 a. m 1, 760 N tails reported Do 
suth Counties, Iowa. _— 
Coddington, 27 | 1:30. 880 10, 000 Probebly a tor- | 5 barns wrecked; other buildings Do. 
Wright and Ida Counties, | 27 | 7p. m 12,000 | Wind and hail....| No details Do. 
0 | = 
and Oregon, 27)  4mi, 30,000 | Chief damage to crops; path 9 miles Do. 
Appelton, Wis. (near)___--- 27 Thundersquall....| Power lines blown down. Do. 
Bruce to Ladysmith, Wis_- 27 100,000 | Thunderstorm Many barns and silos partialiy or completely Do. 
z and wind. wrecked; other buildings damaged. : 
Ellsworth, Wis. (near) 27 6 mi. 30, 000 Squall A number of barns and silos Do. 
Wausau, Wis., and vicinity. 984. I Ts 10,000 | Wind and rain__..| Public utilities companies suffer losses; several Do. 
, barns blown down and roofs damaged. | @ 
Trenton, 8. C., and vicinity_ 7,000 | Home burned; mule killed. -.---- Do. 
Dunkirk, N. 28 | P. Thundersquall---- Steamer George W. Whelan sank, drowning part Do. 
Greenville, 8. 10, 000 | Thunderstorm. Duke Peter Plant damaged Do. 
Rock Hill, S. C. (mear)_.--- 3,000 | Barn and contents burned; 6 mules Do. 
Greenville, 29) 4p. 220 5,000 | Thundersquall____| Character of damage not Do. 
Greenville, Tex. (near) Tornado. Bosthouses, bethbouses and outbuildings over- Do. 
Groveton, Tex. (near) _....- 30 | 6 p. m____- Roofs torn off; crops badly Do. 
Valley View, 30 Wind and hail__._| Outbuildings and crops Do. 
Wichita Falls, 30 | 6.30 p. Wind 2 houses unroofed; small buildings damaged; Do. 
poultry killed. 
30 | 10 p.m Wins. Considerable damage to buildings; corn hurt_-_- Do. 
LaSalle and Grant Par- 31 | 3-5 p. m__. 60,000 | Severe thunder- | A number of buildings blown down; timber and = 
hes, La. squall, tornadic oil derricks damaged; path 20 miles long. eS 
characteristics 
at times. 
RIVERS AND FLOODS The crop acreage destroyed is divided by parishes as follows: 
As part of his report on the results of the Red River De Soto___---.------_-- 3, 890} Avoyelles_.__--...-....- 1, 410 gg 
flood of May, 1930, Mr. R. A. Dyke, of the Weather Red River------------- 
Bureau office at New Orleans, La., submits the follow-  pienville : 
ing tabulation from a report of the New Orleans office ; ; 
of the Bureau of Agricultural Economics, United States Mr. Dyke’s report continues— i: 
Department of Agriculture. (The figures include the Approximately half of the inundated crop acreage of 33,920 in E 
Louisiana acreage within both the Shreveport and the Caddo and Bossier Parishes is in the Shreveport river district. _ 
New Orleans river distri cts): Confining the estimated losses to the New Orleans district, the ig 
1,235,000 for crops and $6,000 for livestock. otton and corn 
sat acreage destroyed by flood waters in the Red River Valley in _jogses are estimated at $1,073,600, with oats, hay, potatoes, sweet g 
oursiana, in May, 1930, acreage subsequently replanted, and potatoes, sugar cane, and truck making up the remainder of the . 
percent replanted crop losses. _ 
There were also some losses of household goods, unestimated. _ 
Acreage | 4 Por There was some damage to highways, and highway traffic in much / 
Crop destroyed | sorianted banemet of the valley was interrupted for a few weeks. More than 10,000 ) 
_| by flood persons were rendered temporarily homeless, about 7,500 being _ 
cared for in refugee camps. Others, remaining in or near their ge 
J 95, 400 58, 085 60.9 homes, were with provisions by boat. The loss of life, 
Corn al 34, 335 43,948 130.0 amounting to about nine persons in the State, in most cases was 
only indirectly connected with the flood, occurring mainly on 
450 17.8 bayous in the area, where efforts were being made to remove live- 
700 989 141.3 stock or to travel by boat. 
Sth An estimate of the money value of the Weather Bureau flood 
ck crops f zu} 375 340 90.7 forecasts is impracticable from the data available. But it is _ 
; known that general heed was given to the warnings and the active _ 
Total 43,063 | “110, 517 77.% efforts made to save livestock and other property resulted in large _ 


savings. 

Number of head of livestock destroyed by the flood: Horses, 8; / Excepting that referred to in the paper immediately :. 
mules, 5; cattle, 112; swine, 215; sheep, 100; goats, 475; poultry, 
580. Nearly ali the cattle drowned were in Caddo ’Parish; followin ay he 
half of the swine were drowned in Avoyelles Parish; all the sheep § T®POT or duly. scussion of the effect o € _ 
and nearly all the goats were drowned in Natchitoches Parish. afidrought upon stream stages will appear in the August 
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issue of this Review. The usual table of flood stages and 
dates for July follows: 


[All dates in July unless otherwise specified] 


Above flood Crest 
Flood | stages—dates 
River and station stage 
From—| To— | Stage Date 
MISSISSIPPI DRAINAGE 
Feet Feet 
anadian: Logan, N. Mex......---- Sl 4 
WEST GULF DRAINAGE 
25 (1) 297.2 31 
Rio Grande: San Marcial, N. Mex-.--- 3 { 3 
PACIFIC DRAINAGE 
Colorado: Parker, Ariz_.......-....--- 7 ® () 10.5 | June 7, 17-20 


1 Continued at end of month. 
? Artificial stage, caused by construction of temporary dam necessary for levee work 


below gage. 
3 Continued from last month. 


The following discussion of effects of the heavy and 
concentrated summer-time rains of the Rocky Moun- 
tain region is submitted by Mr. J. Cecil Alter of the 
Weather Bureau office at Salt Lake City, Utah: 


A series of sudden, rapid, local showers during the evening of 
July 10th sent short-lived mud streams dashing out of a number 
of steep gullies and ravines on the face of the Wasatch Mountains 
between Centerville and Farmington, Utah, also from side gullies 
in Spanish Fork Canyon, Parleys Canyon near Salt Lake City, 
and in Weber Canyon (near Ogden) in the vicinity of Devils Gate, 
causing altogether a property loss and repair expense approaching 
$100,000 in a comparatively few minutes. 

Several mud washes crossed the highway in Parleys Canyon, 
stalling automobiles for a few hours, and similar damage was done 
in Spanish Fork Canyon, southeast of Spanish Fork town. One 
short slide spent itself on the higher land above Centerville; but 
three other washes toward Farmington left masses of soil, sand, 
gravel, rocks, and bowlders more than a mile in length, largely 
through farming sections, ranging from a few yards to nearly 
a thousand feet in width and from one to twelve feet in depth, 
resulting in property damage of about $50,000. The paved high- 
way was cleared only after a week’s work with men, teams, and 
steam shovels, the three cuts being from 300 to 500 feet in length 
and from 1 to 10 feet deep. 

Toward the terminals of these earth washes fairly clean sand 
and soil buried this season’s crops and damaged the land more 
or less, but farther up a considerable acreage of farming land was 
ruined for agricultural or residence purposes by heavy deposits of 
soil, rocks, and bowlders, some of them from four to six feet through, 
besides destroying the growing crops, bearing orchards, fences, 
irrigation waterways, barns, siloes, coops, and other structures, 
including two or three brick cottages which were so badly flooded, 
damaged, or buried as to necessitate abandonment along with 
the land. A small loss of poultry, pigs, and sheep occurred, 
along with some farming implements and vehicles. ‘Three auto- 
mobiles on the State highway were caught in one flood at South 
Farmington and were buried to the radiator tops, though the 
passengers escaped safely. 

A large quantity of earth was deposited across the highway and 
railroad track just within the mouth of Weber Canyon, but the 
largest slide of the series occurred near Devils Gate, where an 
immense mass of débris from an adjacent gully piled into the can- 
yon 35 feet —~ and 400 feet wide, extending nearly across the 
eanyon. The Weber River, one of the State’s largest, was com- 
pletely dammed and the entire stream diverted onto the railroad 
and highway a distance of several hundred feet. It required the 
continuous effort of steam shovels, drag lines, teams, and laborers 
more than a week to turn the stream back into its natural channel 
and clear and repair the roadways. 

Near by two loaded trucks on the highway and one passenger 
automobile were half buried, but later excavated safely. Just after 
the river broke over the artificial dam the stream was turbulent for 
a few hours, washing the railroad grade pretty badly in one place, 
leaving the rails hanging in space; and many fish were drowned in 
the roily waters. e supply flume for the Davis and Weber 
Counties canal system was broken by the mud slide, and the intake 
ditches farther down were silted full; but the rain on the crops was 
about equal to the watering missed while cleaning and repairing 


the lines. Other minor damages were reported farther 
north. in feche Valley. 
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These mud slides were not landslides, but mere washes, resulting 
from the sudden, rapid, and rather heavy ——— of rain, on 
very dry, steep, scantily covered slopes, which had not been 
washed recently. The three larger mud runs near Farmington 
were on the crests of broad, well developed talus cones which have 
doubtless resulted from similar washes at intervals through the 
ages past. However, other near-by gullys, ravines, and canyons 
some of which have only in recent years disgorged similar or 
worse masses of earth, failed to do so in this storm, indicating the 
apparently limited extent of the areas of heaviest rainfall. : 

The storm was rather general in northern Utah, though precipi- 
tation amounts were mostly only moderate, ranging from 0.35 to 
0.85 inch at the measuring stations Losses aggregating $44,000 
have been estimated in the Centerville-Farmington district; and 
the cost of clearing the highways and railroads and making repairs 
is Gonsidered to have exceeded $50,000. 


EFFECT OF WEATHER ON CROPS AND FARMING 
OPERATIONS, JULY, 1930 


By J. B. Kincer 


General summary.—The outstanding feature of the 
month’s weather was the development of severely cronahy 
conditions over central parts of the country, attended by 
extremely high temperatures. 

During the first decade generally good harvest weather 
prevailed in the main Winter Wheat Belt, with much 
sunshine and only local showers, but in the more North- 
western States high temperatures and dry weather were 
unfavorable. In the South local showers were beneficial, 
but a good, general rain was needed over this area, while 
droughty conditions continued in the east-central sec- 
tions, iawn 4 in Kentucky, West Virginia, and ad- 
jacent States. Most crops needed a generous rain through- 
out central areas of the country. : 

During the second and last decades there was no relief 
from the drought, with high temperatures serving to 
intensify conditions in most places. Local showers af- 
forded some relief, but crops, in general, suffered severely 
from extreme heat and the absence of rain. During the 
month temperatures of 100°, or higher, were reported 
from first-order Weather Bureau stations on 4 to 6 days 
in the Middle Atlantic sections and from 6 to as many as 
15 days in nearly all sections from the northern portions 
of Alabama, Mississippi, Louisiana, and northeastern 
Texas northward over the Ohio and Mississippi Valleys 
and Plains States to eastern South Dakota. e latter 
part of the month lower temperatures overspread much 
of the country, but were beneficial only in checking the 
rapid deterioration of growing crops, while at the close 
generous rains were needed badly to replenish water 
supplies and aid crops that were not too far gone. 

Small grains.—Harvesting and threshing winter wheat 
progressed throughout the month, with practically no 
interruption by rain. The extreme heat was very un- 
favorable for men and horses, however, with reports of 
many horses dying in some central and upper Mississippi 
Valley areas. The weather during the latter part of the 
winter wheat season was practically ideal for gathering 
the grain in excellent condition. Some damage to spring 
wheat occurred through deficient moisture and hot 
winds, but at the close of the month harvesting the 
early crop was well advanced. Oat harvest pro 
favorably, with threshing returns varying widely; at 
some places results were better than anticipated. Flax 
showed some injury from dryness, particularly the late 
crop, while some abandonment of rice fields was necessary 
in Arkansas, although showers were helpful elsewhere. 
At the close of the month plowing and disking for winter 
wheat was making excellent advance in Kansas. 

Corn.—The weather during the month was especially 
unfavorable for the corn crop, with general ught 
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iling, aggravated by the extremely high tempera-. 
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tures. At the beginning of the month conditions were 
already serious in the eastern Corn Belt, especially in 
southern Indiana and Illinois, Ohio, and most of Ken- 
tucky; in this area upland corn was fired, while lowland 
needed rain badly. The continued absence of rain 
caused most upland corn to deteriorate badly throughout 
the belt, and at the close of the month much was burned 
beyond rag especially in the Southwest and the 
Ohio Valley. By the close of the month the continued 
drought had caused widespread injury to corn, with 
the larger part of the crop in Missouri ruined and much 
unfit even for silage. In southwestern lowa the cro 
deteriorated badly, with many tassels and leaves burne 
white, while in the immediate Ohio River region much 
corn was beyond recovery. In the northern parts of 
Indiana and Illinois conditions were not so serious and 
were still fair in Nebraska and parts of Kansas, although 
rain was urgently needed. 

Cotton.—Although conditions were fairly favorable at 
the beginning of the month in the western states of the 
Cotton Belt, the drought became progressively worse and 
at its close most of this section was unfavorably dry. 
In Texas progress of cotton in the southern third was 
mostly good throughout the month, except for some shed- 
ding, but in the northern two-thirds of the State deteriora- 


tion had set in at the close, with complaints of small plants 
bolls shedding, and premature opening. Cotton made 
very little growth in Oklahoma also, with wilting and 
some shedding reported, while the general condition of the 
crop was only poor to fairly good at the close of the 
month. In central States of the belt most upland cotton 
made but little growth, except where local showers oc- 
curred and on some lowlands. In the Atlantic States 
conditions were much better, although rain was beginning 
to be needed in places at the close of the month. The 
first bale was marketed from Georgia toward the close, 
while marketing had advanced northward to Rusk County 
in Texas. 

Miscellaneous.—At the close of the month pastures and 
meadows were badly burned and brown practically every- 
where east of the Rocky Mountains and were affording 
little, if any, feed; water was scanty everywhere in this 
area. In the southwestern range country conditions 
were good, with the range, stock, and water supply largely 
excellent. 

Minor crops deteriorated badly due to the dry weather, 
except for local areas where showers occurred. Tobacco 
was also seriously harmed in the dry regions, with forced 
cutting under way in northern Kentucky at the close of 
the month. Fruits shriveled under the intense heat, but 
most crops were apparently holding up fairly well. 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


NORTH ATLANTIC OCEAN 
-By F. A. Youne 


While the absence of heavy weather was not so marked 
as during the preceding month, the number of days with 
gales was below the normal over the greater part of the 
ocean and the number of gale reports received less than 
usual. The outstanding feature of the month was the 
unusual strength of the east and northeast trades in the 
southwestern section of the Caribbean Sea during the 
first and last decades of the month. Due to the lack of 
important cyclonic disturbances, the usual charts have 
been omitted. 

Fog was unsually prevalent north of the 40th parallel 
and the number of days on which it occurred in different 
localities was as follows: Over the Grand Banks, from 13 
to 15 days; along the American coast between the 40th 
and 45th parallels, from 5 to 23 days; over the steamer 
lanes between the 20th and 45th meridians, from 10 to 
15 days; along the European coast, from 2 to 6 days. 

Barometric data for several island and coast stations 
are given in the following table: 


TaBLE 1.—Averages, departures, and extremes of atmospheric pressure 
at sea level, 8 a. m. (seventy-fifth meridian)—North Atlantic Ocean, 


July, 1980 
Stations __| Average | Depar- | rrighest| Date | Lowest | Date 
Inches Inch | Inches Inches 
Belle Isle, Newfoundland....| 29.88 | 10.04] 30.10 | 11thi....|  29.50°| 22d. 
Halifax, Nova Scotia......... | 29.88 | 10.07} 30.08 | 29.48 | 20th, 
Nantucket 29.90 | 20.08] 30.16 | 16th_. 29.66 | 20th. 
Hatteras 29.98 | 30.06 | 30.20 | 5th... 29.78 | 10th. 
80.04 | 2 0.00} 30.14 | 23d 4....| 29.94 | 14th, 
80.11 | 140.04] 30.18 | 22d 30.02] 6th. 
ermuda 30.15 | 20.03} 30.30 | 16th.....| 29.98 | 28th. 
Horta, 30.21 | 1-0.06 | 30.50 | 7th... 29.76 | 19th, 
Lerwick, Shetland Islands... 29.77 | 1—0.03 30.03 | 9th_..... 29. 37 | 18th. 
Valencia, Ireland..........-- 29.91 | 1—0.07| 30.41 | 29. 32 | 17th. 
London 29.86 | 1-0.12| 30.24 | 7th... 29.39 | 18th. 


! From normals shown on Hydrographic Office Pilot Charts, based on observations 
at Greenwich mean noon, or 7 a. m., seventy-fifth meridian time, 
? From normals based on 8 a. m. observations, 


* And on other dates, 
10697—30——3 


Reports were received indicating that unusually strong 
easterly and northeasterly trade winds prevailed in the 
Caribbean Sea on the Ist, 4th, and 6th, occurring on the 
4th in the region of the Canal Zone. 

Favorable weather was the rule over the greater portion 
of the ocean during the first decade of the month, except 
that on the 6th moderate gales prevailed over a limited area 
in the vicinity of Hatteras and also over the eastern section 
of the northern steamer lanes, while on the 9th a gale was 
reported by a vessel about 250 miles east of Belle Isle. 

rom the 11th to 14th a disturbance was over the 40th 
parallel between the 55th meridian and American coast 
that apparently moved but little during that period. 

From the 15th to 17th a well developed Low was over 
Ireland, and while, according to ship reports, moderate 
winds prevailed, on the 17th the station at Blacksod, 
Ireland, reported a northerly wind, force 7. This Low 
drifted slowly eastward and from the 21st to 25th re- 
mained nearly stationary over the North Sea, accom- 
panied by favorable weather. 

From the 18th to 20th moderate gales prevailed over 
the steamer lanes east of the 25th meridian, while from 
the 21st to 24th light to moderate winds were the rule 
over the ocean as a whole. 

On the 25th a tow was central near 53° N., 20° W. 
that moved slowly eastward, increasing in intensity, and 
on the 26th moderate to strong gales were reported by 
vessels between the 20th meridian and the coast of Ire- 
land. This disturbance then decreased in force and 
extent, although from the 27th to 29th westerly gales 
prevailed in the southerly quadrants. 

On the 31st a well-developed depression was central 
near 47° N., 25° W., accompanied by winds of force 7 and 
8 at time of observation, that increased to force 10 later 
in the day. 

On the 20th, 23d, 29th, and 30th the northeast and 
easterly trade winds were again unusually strong in the 
southwestern Caribbean Sea, extending on the 29th to 
the Canal Zone. 
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reports of waterspouts have been 
received : 

British 8. S. Princess May, Capt. R. Thompson; 
observer, W. R. Hunter, Cuba toward Philadelphia. 

July 1, 1930, at 12.30 B. S. T., in 34° 01 N., 75° 15’ W., 
a violent squall, reaching force 6 and traveling NE., 
accompanied by a heavy rain, sheet lightning, and thun- 
der. At this time the barometer read 30.06 inches, 
temperature of air 79° F., of water at surface 79° F. In 
rear of squall two waterspouts formed and rose about 
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20 feet in the air. They both lasted for about three 
minutes and then subsided. 

American 8. S. Fred W. Weller, Capt. S. Purdy; ob- 
server, F. Marcus; Corpus Christi toward Boston. 

July 27, 6.50 a. m. Observed two incomplete: water- 
spouts to the eastward of American Shoals Lighthouse 
(24° 20’ N., 81° 40’ W.). Both lasted four minutes, 
then the upper and lower parts did not join. Twenty 
minutes later heavy showers of rain from the direciion of 
the waterspouts. 


v Position at time of Low- Direction | Direc- 
oyage lowest barometer Time of éct_| tion of | and force | tion of | Highest |. gnites of wind 
Vessel Gale lowest Gale be- wind of wind wind force of near time.of 
began | ended | | When | at time of | when | windand oct barometer 
eter gale lowest gale direction 
From— To— Latitude | Longitude eter ended 
NORTH ATLANTIC 
OCEAN 
ov or Inches 
Porto Rico, Ain. 8. 8..../ San Juan.....| New York...| 39 52N | 7356 W | July 6/ 10p.,6..| July 29.67| WSW-..| WSW, 12.| WSW..| WSW, 12.) Steady. 
Oranian, Br. 8. S.......-| Avonmouth..| Montreal.....| 5240N | 5008 July 9/ 8a.,9_..| July 9 | 29.57 | 
Statendam, Du. 8. 8....| Rotterdam_..| New York...| 40 58 N | 61 52 W | July 11 | 5p., July 11 | 29.71 | SSW__.| SW, 8..... SW. sw, SSW-S 
Induna, Br. S........- Huelva_...... Baltimore____| 35 02 N | 69 50 W | July 9 p., 12_.| July 12 | 29.93} SW....| SW, 8..-..| NW-...| SW, 8..... SW-NW 
Jean Jadot, Belg. S.S...| New York...| Antwerp... 40 33. N | 62 15 W | July 13 | 4a., 18..) July 13 | 29.90 | SSW...) SSW, 6....| SSE___) —, 
Californie, Fr. 8. Havre_......- New York...| 4107. N | 6112 W | July 14 | —, 14___.| July 14 | 29.68 | , 2...-...| SW_.-.| —, 8.......| SSE-8-SW. 
Schuylkill, Br. M. 8..... Baytown.-.-.| Liverpool....| 47 58 N | 28 26 W | July 17 | 3p., 18_.| July 20 SSE, 8....| N —, 9 SSE-E-N. 
Schenectady, Am. 8.8...) New York...) Cope -| 58 25N | 15 40 W | July 25 | 10p., 25.) July 26 | 29.35 | SE____- SE, 8...... SE-.... SSE, 9_...| SE-SSE. 
Sarcoxie, Am. 8. Havre-......- New York...) 49 28 N 7 20 W | July 28 | 4a., 28_.| July 29 | 29.82 | WSW..| WSW,4..| NW.... pi Bice Steady. 
do. 44 42N | 29 20 W | July 31 | 2p., 31_-| Aug. 1 | 29.73 | WSW-..| W, 9-_----- NNW.) W, 10...-- Wsw-w. 
Georgia, Dan. 8. S.......| Norfolk...... Rotterdam...) 47 26N | 26 12 W | July 29 | 8a.,, 31. do. 29.51 | SW..-.| WNW, 8..| NNW.) —, 9....... WNW-NNW. 
NORTH PACIFIC 
OCEAN 
Am. 8. 8.....| Davao, P. I..| SanFrancisco| 44 16 N | 162 21 W | July 4 | 4a.,5...| July 5 | 29.96 | ENE_.| ENE, 8...| ENE__| ENE, Steady. 
Pres. Hayes, Am. 8. 8...) 17 23.N | 140 24 E | July 7/ 9a.,7...| July 7 | 29.88 | ESE...) ESE, 7....| ESE...| ESE, 8_... Do. 
Tecumseh, Br. §. S_.....! Yokohama--..) San Pedro....| 38 | 155 07 E | July 10) Noon, 10' July 10 | 29.29! E, ESE__.| ENE, 8_..! E-ENE. 
Triumph, Am. M. 8.....| Newchwang.| Hong Kong..| 26 50 N | 122 10 E | July 13 dt., 13) July 14 | 29.14 | E_.-... ESE, 9..../ SSE....| ESE, 9....| ESE-S. 
Liberator, Am. 8. S.....| Hong Kong_.| Honolulu.._.| 24 04 N | 132 32E | July Noon, 26 26 | 28.97 | NW....) W, SE. Wy Ww-Wwsw. 
Taiyo Maru, Jap. 8. 8...| Yokohama_..| San Francisco} 35 06 N | 141 45E | July a., 30..) July 31 | 29.75 | NE---..| E, 7. 8 SE, 8. ENE-ESE. 
SOUTH ATLANTIC 
OCEAN 
Brasilien, Dan. 8S. S._....| Barry_......-. River Plate..| 2900S | 46 58 W | July 14 2a., 14._| July 16 | 29.84 | SW_...| SW, 8.....| WSW-.| WSW, 10.| SW-WSW. 


NORTH PACIFIC OCEAN 
By Witus E. Hurp 


Pressure conditions on the North Pacific Ocean during 
July, 1930, were more than ordinarily devoid of gradient, 
and therefore little conducive to the production of rough 
weather. Over the greater part of the ocean in middle, 
and even in higher, latitudes anticyclonic conditions pre- 
vailed even more completely than in the previous June, 
when the North Pacific HigH covered a large and almost 
unbroken area. In July the Aleutian Low had practi- 
cally vanished, and only a few and comparatively unim- 

rtant cyclones appeared from time to time in the Bering 
goa and in Alaskan waters of the Pacific. Such northern 
depression as persisted was central considerably to. the 
northward of the Aleutian chain. The departures from 
the normal barometric pressure, as indicated in the 
following table, were slightly above in middle and upper 
latitudes and, as shown by the figures for Honolulu and 
Midway Island, slightly below in more southern waters. 


TABLE 1.—Averages, departures, and extremes of atmospheric pressure 
at sea level, at indicated hours, North Pacific Occan and adjacent 
waters, July, 1930 


Depar- 
Average . 
Stations pressure from| Highest} Date | Lowest} Date 
Inches Inch Inches Inches 
Point Barrow ! 30.12.| 20th.....| 29. 20th. 
Duteh Harbor ?#_........_.. 30. +0. 02 30.38 | 5th...... | 29.74 | 28th. 
29.92 | +0.07 30.32 | 16th..... 29, 50 } 29th. 
29.99 | +0.03 30.18 | 6th.....- 29. 66 | 19th. 
Midway Island ! 30.07 | —0.01 30.20 | Ist.....: 29.94 | 10th. 
29.99 | —0.03 30.07 | 8th...._- 13th, 
30.08 | +0.03 30.27 | 17th.....| 29.85 | 3d. 
Tatoosh Island 30.13 | +-0.06 30.28 | 30th... 29.94 | 2d. 
Francisco .96 | +0.01 30.14 | 29th...._| 29:80 | 3d. 
29.90 | +0.01 30.05 | 20, 74 } 12th. 
1 P. m. observations only. 
2 For 24 days. 6A. an observations. 
3 For 28 days. 7 Corrected to 24-hour mean. 
4 For 29 days. 


It is significant that, as deduced from a goodly number 
of reports, hardly a gale of higher than moderate force 
occurred along the northern steamship routes. Such a 


— 
: 
1930 
| 
CG 
hy 
* 
Rit 
4 
| 
ae 
7% 
x 
ay. 
tery 


JuLy, 1930 


few higher velocities as were encountered include winds 
of force 7 met with at points off the California and Wash- 
ington coasts on the 19th to 21st, a fresh gale that blew on 
the 5th near 45° N., 160° E., and moderate to fresh gales 
that occurred near 37° N., 155° E. on the 10th and 11th. 
In fact, this great region seems to have been quieter this 
month than during any other similar period or month 
in many years past. 

It was only in Asiatic and adjacent waters that any 
storm weather of consequence occurred. Reporti 
steamships encountered moderate gales northwest o 
Guam on the 7th, about 600 miles east of Taiwan on 
the 26th, and southeast of Japan on the 30th; also strong 
southeasterly gales north of Taiwan on the 13th and 14th. 
all connected with the activities of various typhoons of 
the month. The report of the American steamer Liber- 
ator for the 26th showed a fresh west gale in 24° 04’ N., 
132° 32’ E., with barometer as low as 28.97 inches. 

In absence of other specific reports of these typhoons at 
this writing, a brief résumé of their movements, drawn 
from the Tokyo weather charts, will indicate the stormy 
character of the weather in the Far East. 

A moderate typhoon, which appeared in the China 
Sea on June 30, went up the China coast and died out in 
southeastern Siberia on July 5. 

‘A typhoon which originated in the neighborhood of 
Guam on the 4th, touched northern Luzon on the 11th, 
crossed Taiwan on the 13th, became apparently violent 
over the Yellow Sea on the 15th, then lost energy as it 
proceeded northward. 

Following this, a storm came from east of Guam on the 
9th. It became violent east of Taiwan on the 15th, and 
by the morning of the 18th was devastating Kiushu, the 
southwesternmost island of Japan. By night it was over 
Chosen (Korea) as a heavy storm, but dissipated inland 
on the following day. According to press reports, the 
heavy rains and hurricane velocities attending this ty- 
phoon caused the loss of approximately 1,000 fishing craft 
and a general property loss estimated at $50,000,000 in 
Kiushu. Damage also was extensive over Chosen, while 
altogether the known loss to life latest reported upon was 
i excess of 400. 
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On the 18th east of Guam. 
It went rapidly westward, crossing Luzon on the 22d and 
entering the China Sea. On the 24th it struck Hong 


Kong with some force, then disappeared in the continent. — 


The fifth typhoon appeared at some distance north of 
Guam on the 24th. Tt attained great violence on the 
26th, crossed northern Taiwan on the 28th, and at the 
end of July still lay over extreme eastern China, causin 
strong south and southwest winds in the Taiwan Channe 
and neighboring waters. 

The sixth typhoon formed in the wake of its predecessor 
and was central near 24° N., 144° E., on the 28th. It 
moved northward, and on the 31st lay over south-central 
Japan, apparently of moderate energy only and decreas- 
ing in force. 

o cyclones occurred in Mexican west coast waters 
this month, but on the 25th, 30th, and 31st moderate 
northers of force 6 and 7 were reported by seamen in the 
Gulf of Tehuantepec. Coincident with this occurrence, 
trade winds of moderate gale force were experienced in 
the southwestern part of the Caribbean Sea, caused by 
anticycloni¢ conditions which extended southward from 
the United States. Weather of this brisk type is rather 
unusual at this season in these waters. 

At Honolulu the prevailing wind continued from the 
east, with the highest velocity at the rate of 24 miles an 
hour from the same direction on the 28th. 

Frequent and extensive fog banks formed north of the 
fortieth parallel, several trans-Pacific vessels reporting 
their occurrence for an entire week or more at a stretch, 
unbroken except for brief intervals. Over a considerable 
region south of the central Aleutians, and extending 
thence westward almost to the Japanese coast, fog was 
met with on at least 40 to 60 per cent of the days of the 
month. Along the northern routes between the one hun- 
dred and eightieth meridian and the longitude of 145° W.., 
the occurrence lessened to 20 to 40 percent. ‘There were 
several days with => Alaskan waters. Off the coast 
of the United States from Puget Sound to Point Arguello 
fog was reported on from 4 to 8 days, and off Lower Cali- 
fornia on9days. In theYellow Sea, with only afew rg veg 
available, fog was noted as encountered on at least 5 days 
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CLIMATOLOGICAL TABLES 


CONDENSED CLIMATOLOGICAL SUMMARY 


JuLy, 1930 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average npersta and total rainfall; the stations reporting the highest and lowest temperatures, with 


dates of occurrence; t 
the several headings. 


e stations reporting the greatest and least total precipitation; and other data as indicated by 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. i 
The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, July, 1930 
[For description of tables and charts, see January, 1930, REVIEW, p. 37] 
Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
oF. In. In. In. In. 
83.7 | +3.6 50 2 || 3.96 | —1.49 | Calera_..........--- 11.78 | Valley Head........ 0. 33 
80.1 | —0.8 37 3 || 3.19 | +0. 97 Goring Ae ad Ran-| 9.58 | 2stations........... T. 
ger on. 
84.7 | +47 42 16 || 0.74 | —3.08 3.80 |..... do. 0.00 
72.6 | —0.4 32 23 || 0.02 | —0.07 | 1.12 | 181 stations. .......-. 0. 00 
67.7 | +1.1 24 1 || 3.34 7. 
82.4 +1.2 63 12 || 4.44 48 
82.4 | +2.6 51 13 || 5.72 . 00 
69.9} +1.6 28 20 || 0.36 75 
80.2 | +4.2 41 15 || 1.03 84 
77.4) +21 40; 1.78 | —1.62 | Royal Center......- 5. 46 
77.9 | +4.2 40 15 || 1.49 | —2.34 | Hampton.-........--| 5. 58 
81.4 | +3.2 48 15 || 1.99 | —1.33 | Wakeeney_-......-. 5. 43 
Kentucky ...........- 80.5 | +3.7 45 13 || 1.25 | —2.89 | Manchester.._.....- 5. 27 
83.4 | +1.8 | Plain Dealing.....-- 111 55 | 117 || 3.79 | —2.43 | New Orleans No. 9.19 
77.1 | +1.9 | Millsboro, 110 21 | Grantsville, Md_---| 14 || 1.58 | —2.75 | Milford, Del_.....-- 6. 01 
Michigan 69.2 | +0.5 | 2 stations. 105 | 119 | Black Lake Forest..| 29 3 1.38 | —1.57 | 0.15 
Mississippi-. 84.5 | +3.6 | Holly 115 29 | 52 | 13 || 2.56 | —2.37 | Macon............-. 5.87 | Greenville_........-| 0.00 
issouri-.- 81.2 | +3.9 OS CEE RS 113 28 | 2 stations. .......... 42 | 115 || 0.97 | —3.03 | Joplin 3. 42 | 2 stations............ = 
Montana 69.6 | +3.3 | 110 9 | 25 27 || 1.00 | —0.48 | 2.87 0. 03 
78.8 | +4.1 | 2stations.........-- 40 14 || 1.50 | —1.84 | 8.70 | 3 stations_...- 
Nevada. 73.1 | +0.6 115 2 | San 30 27 || 0.16 | —0.21 | San 0.86 | 6 stations...... 0. 00 
New England-.-..-.-.- 68.6 | —0.4 | Springfield, Mass..-| 104 21 | Woodstock, Vt__---- 38 16 || 3.80 | +0.07 | Hubbardston, Mass_| 6.68 | Hyannis, Mass......| 1.26 
New Jersey_....-....- 74.3 | +0.9 peth. 105 21 | 2 42 | 115 || 3.98 | —0.63 | 6.45 | Belleplain_...... 1,85 
New Mexico_.......-- 70.3 | —0.6 | 2stations.........-- 110 1 | Selsor 32 3 || 3.56 | +0.86 | Clovis.............. 8.48 | 2 stations..........- 0. 00 
69.3 | —0.2 103 21 | Allegany State Park| 33 15 || 2.97 | —0.96 | 1, 22 
North Carolina__.-..-. 78.2 | +2.1 | Caroleen...........- 106 12 | Banners Elk.-...-.-- 38 3 || 3.70 | —2.24 | Southport_.......-..- 9.30 | Moxley............. 0. 50 
North 72.3 +4.8 | 107 34 14 || 1.04 | —1.57 | 4.37 | Energy............. 0. 02 
75.6 | +2.2 | Circleville........-- 109 20 | Mt. 35 15 || 1.53 | —2.30 | 3.46 | 0. 51 
Oklahoma. 84.0 | +2.4 112 29 | 48 16 || 1.01 | —1.63 | 4.75 | 2 stations........... 0.00 
66.6 0.0 | 2stations..........- 109 | 111 25 19 || 0.05 | —0.39 | Wallowa..........-- 0. 57 | 50 stations.......... 0.00 
Pennsylvania____- -| 73.0 | +1.1 | Phoenixville_....._. 106 21 33 15 || 2.23 | —2.12 | Bethlehem___._.___- 6.46 | Arendtsville_......- 0.17 
South Carolina._.....| 81.9 | +2.1 | Calhoun Falls...... 108 12 52 17 || 4.80 | —1.07 | Yemassee_.........- 9.72 | Caesars Head....-.. 2. 06 
South Dakota........| 78.0 | +6.1 | 2 stations........... 112 17 35 20 || 0.95 | —1.86 | Custer.............. 5. 50 | 2 stations........... 0.00 
Tennessee. ..........- 81.7 | +4.3 | Perr Diveiiinndeitd 113 29 44 3 || 2.36 | —2.02 | Kingsport........-- 5.76 | Memphis..........- 0.14 
eee 84.0 | +1.1 | Mount Pleasant..._} 111 30 50 16 || 1.06 | —1.55 | Bon Wier_..--..---- 7.70 | 16 stations.........- 0. 00 
72.9 | +1.2 | St. George........--| 107 15 34 11 1.21 | +0. 21 Creek Ranger | 3.78 | Huntsville.......... 0.00 
tation. 
a 78.2 | +3.0 | Woodstock.......... 109 Burkes Garden-.-.-.- 40 4 || 1.77 | —2.80 | Speers Ferry........ 4.62 | Dale Enterprise_--_- 0. 08 
66.3 0.0 | lll 13 | Chewelah........... 29 20 || 0.07 | —0.59 | 0.74 | 29 stations.......... 0.00 
West 74.9 | +1.8 109 38 | 34 4 || 1.90 | —2.59 7.02 ardensville_....... 0. 06 
71.0 | +1.6 | Waupaca.........-- 105 20 31 14 || 2.56 | —1.11 | Weyerhauser___....- 5.15 | Florence..........-. 1,18 
Wyoming... 67.9 | +2.2 | 2 stations........... 106 | 18 | Riverside..........- 21 27 || 1.21 | —0.14 | Knowles............ 3.69 | 0. 10 
Alaska (June) 62.1 | —0.2 | Kake............... 88 16 | Porcupine Creek....| 24 11 || 2.18 | +0.15 | 10.72 | Anchorage. ......... 0.37 
75.0 | +0.6 | 2stations........... 94} 16 | 2stations........... 52 | 110 || 6.05 | +0.09 | Wahiawa Water | 43.80 | 8 0. 00 
Company Intake. 
79.2 | +0.4 | San 98 5 | Guineo Reservoir...} 51 16 || 3.66 | —3.09 | 13. 40 Diaz (Guaya- | 0.65 
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TaBLE 1.—Climatological data for Weather Bureau stations, July, 1930 
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2 Observations taken bihourly. 
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Taste 1.—Climatological data for Weather Bureau stations, July, 1980-—Continued 
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1 Pressure not reduced to mean of 24 hours. 
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3,2 ae 36| 0.17) —0,4 | 2.8) 

2.4 41| 2) 52 52} 39} 39) 0.05) —0.5 3, 487| se. 18} nw. | 1) 21; 8} 2) 3.0) 0.0) 0.0 

3.1 49} 19} 60 56 34, T. | —0.2| 3,281) nw. | 16) se. 14 6} 5) 3.0) 0.0) 0.0 

3.5 51| 27] 0.07) —0.4 2, 316) 20| nw. | 16 22) 7| 212.5) 0.0 

3. 4) 46| 20| 60| 38) 55| 40) 0.88| +0.1| 7| 5,023] se. | 31/s. 9} 12) 3.7; 0.0) 0.0 

3.9 50| 59| 39, T. | —0.7| 0) 4,124) s. sw. | 22 7| 2 2. 0.0) 0.€ 

2.7 51| 27| 63| 38| 57| 42) 34) 0.02 —0.4) 1) 2,723) w. | 12 w. | 16 25 4 0.0) 0.0 | 

G4, 0.06) —0,6 | 

1.6 48) 10} 53| 52) 87 10, 172} n. 33) n. 1} 4) 15, 1216.4) 0.0, 0.0 | 

43 2 1| 5,357] w. | 23, nw. | 25 11) 15) 0.0) 0.0 

0.1 48} 31| 55} 64 | 4,314] me. | 18) ne. | 25) 11) 12) 0.0 0.0 

0. 4| | 46) 1 | 4,786) n. 29} sw. | 12) 10 18} 3) 4.5 0.0 0.0 

—1. 1| 46| 93 52; 51) 93 8 | 10| 5,888, sw. | 39) 12) 9| 21\ 0.0, 0.0 

4.0 | 51) 93 56} 35 2 | 1} 4,608] nw. | 21) nw. | 15) 24, 4/21) 0.0 0.0 

| 47\ 44| 56| 45) 47 | mw. | w. | 12) 25 5} 1) 1.8 0.0) 0.0 

—0.1 50| 25 34 51] 62 0| 4,030] nw. | 16 nw. | 20) 12 14) 5 £6 0.0| 0.0 

—0.4 47| 26| 56| 471 57 3,415) n. 17| n. 22 11.8) 0.0) 0.0 

| 

64 | 3.0 

63} 20| 47| 20 MM) 13) 52 T.| —0.1| 4,133] nw. | | 5} 16| 10) 5.9} 0.0) 0.0 

108; 20| 98; 56| 28; 65| 45) 61) 45) 34) 0.00, 0.0) 0) 3,372) s. 16| n. 19} 25) 4) 211.9) 0.0, 0.0 

1106| 14 50} 28] 46| 61| 9.00) 0.0} 0) 5,887) s. 17| s. 15| 29) 2} 010.5) 0.0) 0.0 

| 84] 65| 50| 12] 52} 26) 53) 50) 78) 0.00) 0, 0} 5,629) sw. | 25] mw. | 27] 12) 14) 5) 4.5; 0.0) 0.0 

93| 79| 47| 20] 53} 0.00) 0,0) 0) 4,338) mw. | 20) mw. | 27/ 24) 5) 2) 2.3) 0.0) 0.0 

58) T. | 0.0 2.8 

—0. 5|108| 14| 98} 57| 28] 65| 38} 43) 31) T. | 0.0) 5,283) mw. | 19) mw. | 20) 24) 4 A 1.6} 0.0) 0.0 a 

+2, 6| 98] 14| 83| 25] 57| 9.00} 0.0) 0) 2,915) sw. | 13) w. | 31/ 21) 2) 2.7/ 0.0) 0.0 

+2. 4|100| 30| 50| 1| 64| 34] 64| T. | 0.0} 0) 3,925) w. | 30} 15| 13} 4.1) 0.0) 0.0 

+0. 3] 90} 21| 85| 72] 25| 76| 16|....|----|....| 2.52) —3.4) 18)10, 241] 36) s. 25| 7| 2/49) 0.0) 0.0 

—0. 93| 16| 88| 26| 75| 4.04) —3.2) 11) 5,033] nw. 8. 7| 10] 21| 0.0) 0.0 

+1. 2| 31| 87| 74] 12| 78| 13) 77| 76|283| 8.99| —6.7| 22) 7,066) n. 26| nw. | 12| 1/ 10) 8.0) 0.0) 0.0 

_....| 79| 261 38] 17] 40] 262|......| 12] 2,306] w. 4] 16) 11] 6.4) 0.0) 0.0 

46| 23| 49| 29) 52 87| 3, 183] s. 22} nw. | 23 1| 24/81) 00) 00 

+0. 5| 85] 6| 83} 70) 14) 74) 15 67| 0.22} —1.0| 6,175) e. 24) 28] 17| 13| 1| 3.5; 0.0} 0.0 

\ 
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TaBLe 2.—Data furnished by the Canadian Meteorological Service, June, 1930 * 
LATE REPORTS, JUNE, 1930 


Pressure Temperature of the air Precipitation 
above 
: Station | Sea level 
Stations mean re@uced | reduced Depar- Means‘ Depar- Mean Mean Depar- 
sea level, ture max. + ture . : ture Total 
to mean | to mean maxi- mini- Highest | Lowest Total 
Jan. 1, of 24 of 24 from mean from mum mum from | snowfall 
1919 hours normal || min.+2 | normal normal 
Feet In. In. In. oF, oF, oF, In. In. In. 
Yarmouth, N. 8... 65 29. 86 29. 93 —0. 02 60. 1 +5.1 68.1 §2.1 80 42 0. 69 —2. 24 0.0 
Kingston, Ont_- ai 285 29. 60 29. 91 —. 06 63.9 +0. 5 71.1 56.7 80 48 2. 89 +0. 46 0.0 
Southampton, Ont_ 656 29. 18 29. 89 —. 08 62.3 +19 72.2 52.5 86 40 5.41 +3. 06 0.0 
Port Arthur, Ont__-- 644 29. 14 29. 85 09 61.4 +5. 0 71.6 51.1 86 40 3.78 +1. 05 0.0 
760 28. 99 29. 81 —. 08 64.0 +L8 74.8 53.3 87 37 2. 55 —0. 74 0.0 
Minnedosa, Man ne 1, 690 28. 02 29. 80 —.09 61.5 +19 73.0 49.9 85 34 2. 82 —0. 18 0.0 
1, 262 28. 65 29. 92 05 62. 6 —1,.2 73.1 52.1 90 44 0.71 —0. 71 0.0 
Estevan Point, B. C. 20 56. 6 47.0 64 40 0.0 


* Reports for July, 1930, delayed in transmission, to appear in August issue. 
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Departure (°F.) of the Mean Temperature from the Normal, July, 1930 
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